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PREFACE 


I 'r IS a real pleasure to acknowledge the invaluable contrlbutujna 
of my collaborators, Drs E. C. .Vndcrwn and James R. Arnold, 
in the development of the dating mclhud. Certainly nothing 
would have been done without them. iJr. A. V, OrosM; and hb col- 
lalwratora at the Houdry Procen Corjtoration concentrated the 
methane samples which first established the cxbtcncc of nuiiocarlmn 
in nature and laid a firm foundation fur the program. 

The Committee on Carbon 14 of the Amcriran .Anthrujwlogical 
.Aasodatlon and the Geological Society of America, cunsbtiog of 
Frederkfc Johnson, chairman, Donald Collier, Richard Foster Mint, 
and Froclich Rainey, In selecting the samples for measurement, arl- 
vising on priorities, and lending a friendly ear in troubled periods, 
have indeed earned our most heartfelt gratitude. We hojw that the 
results of the research may In some small measure rcjMiy them for 
their efforts. 

ft is also a privilege to thank the Wenner-Gren Koimdalion for 
Anlbrofwlogical Research, formerly The Vlktng Fund, Inc., ami its 
director, Dr. Paul I'ejos, for the financial support of this research 
with two grants totaling some $35,000 in the years 194$, 1949, and 
1950. A small unexpended balance remains from these funds, which 
will be usod over the years for occasional further measurements. This 
foundation, together with (he University of Chicago, furnished the 
principal financial support for the entire research. We arc very 
grateful indeed for thb assistance. 

We also arc indebted to the Air Force (Wrighl-Patterson Air 
Force Base, Contract AF .33[038l-6492) for a contract for the dc> 
velopment of low-level counting techniques during the >’car 1949, 
the results of which were put to immediate use in the radiocarlwn 
dating research. 

It is hoped that the present publication will contain the answers 
to most of the questions which w'ill occur to an investigator con- 
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structing ind operating equipment for the measurement of dates by 
the radiocarbon technique. It is realised, however, that certain im> 
portant detaib may have been omitted, and we woukl be pleased to 
try to asset in the solution of any difTicullies which other groups 
may encounter. 


OMOiaa, IU4MUB 

.S^ManliK i, tost 


W. F. Libby 
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CHAPTER I 


principi.es 

T he discovery of cosmic radiation by V. F. Hc» in 1911 k'd 
to rci>calcd conjectures as to possible |>ermarKnU effects this 
radiation might have on the surface of the earth. The energy 
received by the earth in the form of cosmic radiation is commensu¬ 
rate with that received as starlight. U is therefore really quite small 
in terms of the solar energy. 'Phe specific energy, that ». the energy 
|>cr constituent particle, ts very much higher than for any other t3q>c 
of radiation, averaging several billions nf electron volts (1 electron 
volt is 1.6 X 10~° ergs, which is the average energy of motion of a 
gas molecule at 10,000^ C.). It is conceivable, therefore, that the 
cosmic radiation will alter the earth's atmosphere in detectable ways. 

It was discovered shortly after the neutron itself had been dis¬ 
covered that neutrons were present in the higher layers of the at- 
mo^}hcrc probably as secondary radiations produced by the primary 
cosmic rays. Measurements by cosmic-ray physicists have clearly 
csta>>lished that the population in the atmosphere rises with altitude 
to a maximum somewhat above 40.000 feet and then falls.* litis 
proves the secondary character of the radiation—that it is not inci¬ 
dent on the earth from interstellar space but is a product of the im¬ 
pact of the true primary radiation on the earth's atmosphere. A 
corroborating point in this cunncction is the recent demonstration 
that the neutron b truly radioactive with a lifetime of alx>ut 12 
minutes, which of course removes any possibility of the neutrons 
having time to travel any considerable distance in interstellar s|>ace, 
though the trip from the sun could be made without complete decay 
to hydrogen. 

Consideration of possible nudear transmutations which the coamic 
rays might effect leads one imntedlately to consider what the neu- 

1. il. M. AiPKw, W. C. Hrlghl, ami narul KriMian. fkjt. Kn., 71. 20j (i*47l 
(llib pt|wr cetHaliw n hn m m U> many corliw mcwiMcmcnlii); J. A. SttefiOnn, Jr.. * 
rSvf. /tfw.. 7J. IJW (IMSU L. C. L. Vuaii. n,w. gf»..74. .«U (tWS); I.. C. I- Vuan 
ami K. I.oiknbuiff. Bnil. Am. Phyt. Sm., U. NV 3. 31 flMK); L. C. L. Yho. 

Rn.. T«. 1267. I26S (1046); I.. C-1- Vuan. Pkyt. Rn., 77, 1U (tVSOl. 

1 







2 


RADIOCARBON DATING 


irofu known to be produced by the coomic royo might b« expected 
to do to the earth’s atmosphere. In the laboratory many studies have 
been made of the effects of neutrons of various energies on all the 
ordinary elements and especially on nitrogen and oxygen, the con¬ 
stituents of the air. In general, the results arc that oxygen is extraor¬ 
dinarily inert but that nitrogen is reactive. It appears certain tJiat, 
of the two nitrogen isotopes, N'*, of 99.62 per cent abundance, and 
N'\of 0.038 perccntabundancc,N'*is the more reactive. With neu¬ 
trons of thermal velocity the reaction 

N«-hN-C'« + H‘ (1) 

is dominant, the cross-section of the N’* atom for a room tempera¬ 
ture thermal neutron being in the vicinity of 1.7 X cm.*, 
whereas the thermal neutron croas-section for reaction with 0^* is of 
the Older of 0.1 per cent of this. It is therefore quite certain that 
thermal neutrons introduced Into ordinary air will react according 
to Equation (1) to form tbe radiocarbon isotope of mass 14 and 
half-life of 5568 ± 30 years. 

The neutrons in the air being formed by the energetic cosmic rays 
possess energy themselves, jjrobably of the order of 5-10 mev (mil* 
lion electron volts) on the average when first formed. After birth 
they then collide with the air molecules and lose their energy by col¬ 
lision, either elastic or inelastic, either reacting on one of these col¬ 
lisions and so being absorbed or finally attaining thermal energies 
where they are quite certain to be absorbed to form radiocarbon by 
Reaction (1). Laboratory studies of the effects of energetic neutrons 
on air again indicate that the nitrogen is the more reactive constitu¬ 
ent. Kcactioo (t) is still dominant, though a second reaction, 

( 3 ) 

occurs.* Tlie latter reaction becomes dominant at energies above 
1 mev but even at the most favored energies attains cross-sections 
of only 10 per cent of that of nitrogen for thermal energies. Reac¬ 
tion (1), on the other hand, goes with considerable probability in 
the region of 0.4-1.6 mev. 

A third type of rcaetion of high-energy neutrons with nitrogen, 

+ (S) 


2. C. H. tad H. H. Bsnrhall. At., SO, 81V (IVSOj. 
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h*& been reported in the labontoo'** 'ilie nature of the laboratory 
experiment waa auch that it was dilTicvlt to estimate the aoss-section 
for the reaction, but the reported value was 10'** cm,*, to an accu¬ 
racy of about a factor of 5. It is certain from the maves of the atoms 
involved in Reaction (3) that neutrons of not less than 4 mav are in¬ 
volved, since the reaction is endothermic to this extent. The hydro¬ 
gen isotope in Reaction (3) la the radioactive hydrogen called trit¬ 
ium, of 12.46 years half-life, which decays to form the stable iso¬ 
tope of helium, He*, which occurs in atmospheric helium in an 
abundance of 1 -2 X 10“* parts He* per ortlinary helium in atmospher¬ 
ic air.* It is thought that this value la accurate to about 30 per cent- 
The abundance of He* in ordinary helium from terrestrial sources 
varies widely from undetectably small values in uranium ores, where 
on excessively large amount of He* a found, to the values of 
12 X 10^ parts for certain Canadian rocks. In general, however, 
the He* content ol helium from the earth's crust U not over one- 
tenth as large as that of atmospheric helium. Since tritium pro¬ 
duced by Reaction (3) lasts such a short time, one knows that any 
tritium produced by Reaction (3) will introduce an equivalent 
amount of He* Into the earth’s atmosphere, so that one possible effect 
of the cosmic-ray bombardment of the earth's atmosphere could be 
the introduction of He* into the atmospheric helium. It is seen that 
this may be the case, since it is oinerved that atmospheric helium 
is richer in He* than terrestrial helium. 

Summarising the three most probable reactions, only the first and 
third lead to radioactive isotopes. It is therefore to be expected that 
the neutrons produced by the cosmic radiation may produce these 
radioactive materials in the earth's atmosphere. After these points 
were made,* a search in nature for both radioactivities was insti¬ 
tuted. Both have since been found* in amounts and concentrations 
correqMnding roughly to those expected. 

}. k. Conoa ax! W. F. Libbr, FAjrf. Jr»., M, lOM (IMl). 

4. L.T. AldHcfi SMl A. 0. Nkt, F*j«. Aw.. T4.1S» (tW), 

i. W. P. Ubby. rtw Art..«. *71 (1444). 

6. E. C. Aadcnen. W. F. f4hbj‘, S. Wrlnhonur, A. F. Krid, A. D. EinhtubMm, 
•Ad A. V. Crow, IAS. 576 (1947); K. C. Aadmoo. W. P. UbVr. S. VttnlHWK. 

A. F. Reid. A. D. Kinii«AUum. and A. V. CnMae. FJijrr Art.. W. «JI (1947)i A. V. 
CtOMt. W. H. a. L. WeKsanc, and W. F. IJbbr, Siimu, US, I (1951). 
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lliCKlorc, wv now have more confidence in the biit^c postulates 
mode in the arguments outlined above—that the behavior of the 
cosmic-ray neutrons in the air is predirtalile from the oliacrved be¬ 
havior of lalwratory neutrons on nitrogen and oxygen and that the 
possibility of the neutrons having higher energy than laboratory 
neutrons appears not to confuse the issue appreciably. 

'['he prediction of the expected amounts of rodiocarlwii and trit¬ 
ium can be made only on the basis of some information about the 
relative probabilities of Reactions (1), (2), and (3). Reaction (1) is 
so much more probable, however, that it is clear that the yield of 
radiocarbon will lie neariy equal to the total number of neutrons 
generated by the cosmic rays, a numljcr which we shall call Q in units 
of number per square centimeter per second. Tlic tritium yield, due 
to Reaction (3) only, is taken to of the order of the ratio of these 
cross-sections, or about 1 {ler cent of The latter will be consider* 
ably more uncertain than the yield of radiocarbon, since the cross* 
section for Reaction (3) is much more uncertain than that for Re¬ 
action (l)and more specifically than the dominance of Reaction (1). 
if we integrate the data for the neutron intensity as a function of 
altitude from sca-levcl to the lop of the atmosphere, to obtain the 
total number of neutrons, Q, produced per square centimeter per 
second, and average this over the earth’s surface according to the 
observed variation of neutron intensity with latitude,* we obtain a 
figure for (), the average number of neutrons generated per square 
centimeter of the earth's surface jxt second by the incidence of cos¬ 
mic radiation. If wc further assume that the cosmic-ray production 
of radiocarbon is on ancient phenomenon In terms of the S600-yvar 
half-life of radiocarbon (i-e., the cosmic rays have remained at es¬ 
sentially their present intensity over the last 10,000 or 20,000 years), 
we con conclude that there is some place on earth enough radio¬ 
carbon to guarantee that its rate of disintegration is just equal to its 
rate of formation. Evaluation of Q from the experimental data avail¬ 
able gives 2.6 as a most likely value. Since the earth's surface has 
5.1 X lO** cm.*, the rarliocarbon inventory must be such that 1,3 X 
KV* beta disintegrations occur per second. 

+ ( 6 ) 

T. J. Jr.. Mw. #/r.. M, l.«» {IWIDi I.. C. L. Vgaa. /'Sr»- /IW..«. 

IW, IMS (1949). 
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Since lalwratory mcasuremenl of ihe spei'ific disintegration rate of 
radiocarbon* gives 1.6 X 10*’ disintegrations per second per gram, 
dividing we obtain R.i X 10' grama, or 81 metric tons, as the pre¬ 
dicted Inventory for radiocarbon on earth. 'litis is equivalent to 
365 million curks (1 curie is that quantity of radioactivity which 
gives a disintegration rate of 3.7 X liV* [»er second). Reasoning 
similarly, we preilicl a tritium inventory of about 3 million curies 
in nature. 

'rhe question remains as to where the rarlinrathon will occur. A 
moment's thought answers tills, however. We consider the problem 
of the ultimate fate of a carlwn atom introduced into the air at a 
height of some 5 or 6 miles. It seems certain that within a few 
minutes or hours the carbon atom will have been burned to carbon 
dioxide molecule, ft is true that there are points of interest to discuss 
in tile question of the kinetScsof combustion of atomic carbon in the 
air, and research is necessary to supply definite answers for the many 
questions which would arise in such a discussion. It seems probable, 
however, that the carbon will not long remain in any condition other 
than carbon dioxide. Postulating that this Is so (i.e., the absorption 
of cosmic-ray neutrons by nitrogen of the air is equivalent to the 
production of radioactive carbon dioxide), we can proceed to an Im- 
modiftte answer to the question as to where natural radiocarbon 
should occur on earth. Radioactive carbon dioxide will certainly mix 
with considerable speed with the atmospheric carbon dioxide, and 
so we conclude that all atmospheric carbon dioxide is rendered ra¬ 
dioactive by the cosmic radiation. Since plants live off the carbon 
dioxide, all plants will be radioactive; since the animals on earth 
live off the plants, all animals will be radioactive. Thus we conclude 
that all living things will be rendered radioactive by the cosmic radia¬ 
tion. In addition, there is another carbon reservoir for the natural 
radiocarbon, and this is the inorganic carbon in the Ka present as 
dissolved carlton dioxide, bicarlionatc and carbonate, for it is known 
that an exchange reaction occurs between carbon dioxide and dis¬ 
solved bicarbonate and cariiorwtc inns. The time for radioactive 
carbon dioxide in the air to distribute itself through this reservmr 

». A.O. Eiuwlksnwf. W. U. JUmItl.M.O. IiwhrwB. wkI W. K. UMj? . *«♦.. 

TS. 1$25 W. M. Wja. Ifew., 7t, MU (IWli W. W. Miller. R BsUtiilln#. 
W. BemtHn, I.. Krirdim. A. U. Nitr. tMl R. D. Evam. Pkyt. Mn . n, 714 (laSOn 

G. Kivliumu Mii W. F. Ubt»-. Rrt- StI. /«K,. »l, -WO (t«Ol. 
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probably is not in excess of 500 yean. *rhis is the so-called "turn- 
over" time for the life*^de which has been widely discussed by geo¬ 
chemists. llKcstimales vary quite mdely, but it docs seem that this 
time can hiurdly cxcecul 1000 years. Since this is a lime short as com- 
pared to the lifetime of radincarhon, we condiide that anygiven 
radiocarlion atom will make the round trip several times In its life- 
time, and we therefore predict that the distribution of radiocarbon 
throughout the reservoir will be quite uniform, there being little 
vcrikal or latitudinal or longitudinal gradients left. One has some 
cause to sus(>ect Uiat there might lie variations in intensity over the 
earth’s surface, for the reason that it is known that the coemic-ray 
neutron component varies by a factor of about 3.5* between equa- 


TABLK I 

CAXBOK tXVBKTllRV 


Smin* 

Ocean "aubujialo". 

Oeon, ditsolved oraonk 

Bin^>hcre - - - . . . 

Alinu(|i)im... 

Total. 


AuMwit 

(Om/Cae) 

7.25 

0.59 

0.55 

0.12 


S.3 


tonal and polar regions, the iiilcnsity being greater in the polar 
rciglons. 

As expected, however, cm the basis of the probable brevity of the 
tum-over time as compared to the lifetime of radiocarbon, it has 
been found that the distribution is uniform. Materials have been 
selected from various points on the earth's surface and from various 
aliiuidcs, and the specific radioactivity has been found to be identi¬ 
cal within the error of measurement, which amounts to some 3-5 
per cent 

In order to predict the specific radioactivity of living carbon, the 
amourit of carbon in the exchange reservoir must Im estimated. 
Careful consideration of the complex biochemical questions involved 
leads us to the numlwni given in 'i'abic 1. 

The dominance of the inorganic material dissolved in the sea is 
obvious from these numbers. This has the immediate consequence 
that variations in living conditions which will lead to variations In 

V. J. A. SmrKMi. Jr., nji. Kn., 7S, (I94S); I.. C. I.. Yiwn. Myt. Art., 7S, 

lita, IMS 
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the amount o( livinj; matter on earth will not appreciably alTcct the 
total carbon in the reservoir. Or, conceivably, the only possible sig- 
niUcant variations of the quantity of carbon in the reservoir mutt 
involve changes in the volume, the tcm|)craturc, or the acidity (pH) 
of the oceans. This probably means that the reservoir has not 
changed significantly in the last few tens of thousands of years, 
though there is the point to consider of the effect of the glaciation on 
Iwth the volume and the mean temperature of the oceans, if the 
numliers in Table 1 aa* correct, there arc some grams of carbon 
in exchange equilibrium with llie atmospheric carbon dioxide fur 
each square centimeter of the earth’s surface, on the average, and 
since there arc some 2.6 neutrons incident per square centimeter per 
serond, we must expect that these 8.3 grams of carbon will posses 
a specific radioactivity of 2.6/8.3 disintegrations per second per 
gram, or 2.6 X 60/8.3 disintegrations per minute per gram, litis 
number, 18.S, is to be compared with the experimentally observed 
value of 16.1 ± 0.5.'* The agreement seems to be sufficiently within 
the experimental errors involved, so that we have reason for confi* 
denca In the theoretical picture set forth above, 

The agreement between these two numbers bears on another point 
of real importance —the constancy in intensity of the cosmic radia¬ 
tion over the past several thousand yean. If one were to imsgine that 
the cosmic radiation had been turned off until a short while ago, the 
enormous amount of radiocarbon necessary to the equilibrium state 
would not have been manufactured and the ^lecific radioactivity of 
living matter would be much less than the rate of production calcu¬ 
lated from the neutron intensity. Or, conversely, if one were to 
imagine that the intensity had been much higher in the past until 
very recently, the specific radioactivity would greatly exceed that 
calculated from the observed neutron intensity. Since vS568 ± .10 
years will be required to bring the inventory halfway to any new 
equilibrium state demanded by the change In cosmic-ray Intensity, 
we find some evidence in the agreement between these numben that 
the cosmic-ray intensity has remained essentially constant for the 
last 500(h'10,000 years. This docs not mean that it could not exhibit 
hourly, daily, or even annual fluctuations. It does mean, however, 
that the intensity averaged over 1000 years or so has not changed. 

10. R. C. Andenon, Hi.D. Ihoii, Uaircnil)’ af Chkifa (IMO); K. C. AndcniHi 
Awl W. P. LiUo , grr.. Si. 64 (1931). 
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There is the slight possibility th&t an si^roximatcly compcnssiing 
change in the carbon inventory has occurred, but for the reasons 
mentioned alxivc the liufferitig action of the great reservoir in the sea 
maiusR this very remote. 

A further point of interest in connection with the inventory and 
the observed ^Mcific isuy is that the carbon isotopes apparently are 
fractionated in being incorporated into the biosphere from the in¬ 
organic world. This effect was discovered some time ago'* for the 
isotope C'*, which has a mean abundance of 1.1 per cent in ordinary 
carbM. It was found that the ratio of the abundance of C’’ in inor¬ 
ganic carbon to that in biological carbon is l.OJ. On the buis of this, 
one would expect a value of 1.0b for the analogous ratio for radio- 
rarbon. Since the mass spcctrographic measurements of the C’* 
abundance are quite accurate and the theory un which one calculates 
the I.0A ratio from the nitKerved 1.0.1 ratio for C* is quite rigorous, 
we are inclined to multiply our assay of btologlcai material by 1.06 
rather than to take the mean value of the small number of measure¬ 
ments we have made on inorganic carbon. The mean of the biologi¬ 
cal assay is 15..1 ± 0.1. Multiplying by 1.06, we obtain 16.2 for in¬ 
organic carbon; then, averaging according to the weight factors given 
in Table I, we derive the average 16.1 for the carbon inventory as a 
whole. One must remember, however, that wood or other biological 
material will present an asuy of 15..1 and that modern seashell will 
present an assay of 16.2. 

If the cosmic radiation has remained at its present intensity for 
20,000 or .10,000 years, and if the carbon reservoir has nut changed 
a]i))reciahly in thus time, then there exists at the present lime a com¬ 
plete balance between the rate of disintegration of radiocarbon atoms 
and the rate of assimilation of new radiocarbon atoms for all material 
in the lifc-cydc. J'or example, a tret, or any other living organism, is 
in a state of equilibrium between the cosmic radiation and the natu¬ 
ral rate of disintcgTmtion of radiocarbon so long as it is alive. In 
other wurds, during (he lifetime the radiocarlKMi assimilated from 
food will just l)a]ancc the radiocarbon disintegrating In the tissues. 
When death occurs, however, the assimilation proceu is abruptly 
halted, and only the disintegration procen remains. 

n. A. 0. .Nwr toii K. A. UuBnoMm. J. Am. Ctrm. Sm.. 41, 497 (IMO); R. F. 
Murjili.v Mul .V O. Nier. nyt. An.. St. 771 (1041). 
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It has been known for many yean that lh« rate of disintegration of 
radiotf live bodies is extraordinarily immutable, Iwing independent 
of the nature of the chemical nnnpound in which the radioactive 
body fcaldes and of the temperature, pressure, and other physical 
characteristica of its environment. Thu reason for this Is that the 
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transformation b a nuclear phenomenon involving energlMvery 
much larger than those com-s]>onding to the chemical bonds and to 
the various physical influences to which matter might conceivably be 
subjected. Therefore, we conclude that the rale of disappearance of 
radioactivity following death corresponds to the exponential decay 
law for radiocarbon as represented by the srflid curve in Figure 1, in 
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which Ibc worid-wide «3»y ol 15.3 Im biological malertal* corre- 
ipo&di to KTO time, and the predicted specific radioactivities lor 
various times therealtor are given by iho curve. The equation lor 
the curve is 

/-15.3e»p(-0.fl93yy^) <S) 

or 

y-15.3 2t-*/—>. (5') 

in which I is the age of the orgsjHc material in years, age being de¬ 
fined u the time dapsed dnee death occurred. The experimental 
points shown in Figure 1 are the observed a«aya for various samples 
of known age, discussed later. In so far as the poinU fit the curve, 
wc have reason to belkvc that the method is sound and gives the 
correct ages. The errors indicated on the c:q)crimcnUl points arc 
sundard deviations, and it spears that the results are favorable 
as judged statistically. 

It is obvious that we must be careful in selecting samples to choose 
materials that conidn the original carbon atoms present at the tunc 
death occurred. In other words, samples must not have been pre¬ 
served with organic materials containing carbon of age diflerent 
from that of the sample. Care must also be taken that chemical 
changes have not led to rq>Iaceroeni of the carbon atoms. In a gen¬ 
eral way, organic materials consisting mainly of large molecules, 
such as cellulose and charcoal, are favored. An example of question* 
able material is shell, for it is quite conceivable that shell which is 
powdery and chalky in appearance has had its carbonate atoms re¬ 
placed. 
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WORT.D-WIDE DIS'lRIBUTION 
()!• RADIOCARBON 

I ^L'NIMMKNTAL to the radiocarbon dating mcihfKi n the 
n question of the contem|>orary assay of the exchange reservoir 
for radiocarbon and the uniformity over the earth’s surface of 
this auay.> Organic material, principally wood, was collected from 
widely scattered points over the earth’s surface, and measurements 
of the q>edfic radioactivity were made. One group of sampin was 
concentrated near the geomagnetic equator, where the neutron flux 
is at a minimum; another in high latitudes, where the neutron flux 
is at a maximum, 'iltc variation in neutron intensity with latitude, 
as observed by Simpson at 30,000 feet, is prescntctl in Figure 2.* 
Some consideration was given to the archeological importance of 
the region with the thought that, if no uniformity were demon¬ 
strated, these data might be utiiuwxl in age measurements where the 
original assay would vary from region to r^ion. Fortunately, this 
has not proved to be necessary. Owing to the known extreme varia¬ 
tion of neutron intensity with altitude, shown in Figure 3, in which 
the data of Yuan and Ladenburg taken at Princeton, New Jersey,^ 
arc given, two samples from high altitudes were measured. It might 
be suspected that the specUic radioactivity would be higher at 
higher altitudes. However, the height of the timber line was of 
course very smalt indeed compared with the 30,000-foot altitude at 
which the principal radiocarbon production occurs. 

The experimental results are given in Tables 2 and 3, In which 
the type of sample, the donor, the geomagnetic latitude, and the 
observed ^weific radioactivity in absolute disintegrations per minute 

I. Tfct nuMrlal <m Uili tubjKt Iim Wtn ubrn {fom ih* <So<(aral ilmw ot 

i:. C. AnUman, pmnMtd to the EKviikiiiot Ph>tkal Srienm, UiUmritv 
in iwrtial Idfeliacnl of the mfulmnraia for ibt Ph.lr. «l«art«. 

3. /M. 

S. Pkyt. M. i(H (»«a>j 7S. 1261, 126K (IW); 77, 728 (l«0>; AnV. Am. 
i'kyt. Sm., 33, Kn. 3, 21 (19M). 
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per grem of carbon are recordod, Table 2 applying to the biosphere 
and Tabic 3 to the inorganic. 

The aasoctated error ia the standard deviation calculated from 
the counter statistics only. Naturally, since other errora arc involved, 
the true error will be somewhat larger. However, similar treatment 
of the more numerous data quoted later on samples measured for 
age determination seem to indicate that the scatter appears to be 



Fiu. .Miiiucliokl vatulioo of ■nair'Ni inlcmil)’ 


little more than would be expected from this source alone. So per¬ 
haps one can conclude that this nearly represents the true standard 
deviation o! the measurement. The terrestrial distribution of the 
samples is shown in the map in Figure 4, each dot corre^nding to 
a particular sample. It is of courx to be realised that the geomag¬ 
netic latitude and the ordinary latitwic are not Identical. The geo¬ 
magnetic latitude is taken as Ijeing more significanl in Table 2, 
since the variation in neutron inieiuuty with latitude shown in Fig¬ 
ure 2 correlates with it. 
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The tvcnifc ipcctHc activity of all the hio^ihere lamplei ii found* 
to be 1S.3 ± 0.5 absolute rliiuntegratloni per minute per fram. The 
data seem to show no scatter appreciably larger than the expected 
statistical fluctuations, indicating that the samples Involved would 
indeed have specific activities WcnticaJ within the error of measure¬ 
ment The dau presented in Table 3 for shell reveal that shell is 
definitely more radioactive than organic material. This difference la 
to be expected, since it has been shown^ that fractionation of the 
stable isotopes of carbon. C“ and C’*, occurs in these systems. The 
ratio of the C“ content of carbonate to that of organic material 
which is found here it 1.09 ± 0.03. On the Itasis of the fractionation 
factor 1.03 found for C‘* against C**, one would expect a value of 
1.06 for C‘*. 'rbc difference between this value and the one found in 
tbe prcxnt investigation Is not outside the experimental error; and, 
since tbe accuracy of the estimation of the fractionation factor is 
better than the precision of our measurements of the shdl activity, 
we take the observed value to be 16.2 ± 0.5,derived by multiplica¬ 
tion of the mean of the organic specific activity by 1.06. It seems 
that a further investigation of the fractionation factor would be 
srorth while tod that further measurement of contemporaneous shell 
saropla is definitely desirable. 

'rbc estimation uf tbe amount of carbon in exchange with the 
atmospheric carbon dioxide is a difficult task. It is, however, neces¬ 
sary to the striking of a balance between the observed specific ac¬ 
tivity and the cosmic radiation intensity. The results have been 
given in Table 1. 

'fbe carbon in the exchange reservoir is obviously of three prin¬ 
cipal origins; namely, that dissolved in the oceans, the carbon of liv¬ 
ing organisms, and atmospheric carbon dioxide itself. We shall find 
that the latter two arc so small as to be nearly negligible in com¬ 
parison with dissolved material in the sea, principally carbonate and 
bicarbonate. Let us consider first the amount of carbon dissolveci in 
the oceans as some ^cies of carbonic acid. This amount can be 
calculated from a knowledge of two factors: the alkalinity and the 

4 , FarBe* pobfinittint have flvm I2.S lur tbi» nanber. 'Ih* cMinlcrt have been rt> 

nKhntrd tw UmH). oaU the new viih»c b deriw) tttm ihr oM 

nnr hy carrertioa IW tW more •ccuralely <lc(emlAt<1 (Arlwirs*- 

5. O. Nnt ua E. .A. CuIbnunMi. J- firm. 5W., II. 007 tlMVU ». F. 
SJBrvhy and .V. 0. STtf. Flyt Rtt., I*. 771 imi). 
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pH of the ocean water. The alkaiinity k the excess of positive ions 
over the onions of strong acids. This difTcrenre must be made up by 
the lonixoiion of weak acids in order to preserve electrical neutrab 
ity. Since carbonic acid is the pruici|>al weak acid in the ocean, the 
situation is fairly ample. The total amount of dissolved carbon Is 
not uniquely determined by the alkalinity alone, because of its 
variable equivalent nature due to the (Missibliily of its cxistena- in 
the neutral, monobasic, and dibasic forms: H}CO), HCOj, and 
COT'- *rhe ratio of the amounts in these forms must therefore 
be specified, and this ratio is, of course, dvlcfTnincd by the pH. 
The necessary equations arc 


(H‘)«(HCOi) .. 

—flTTOl- 

(ft) 

m*). (COT") 

(HC»,) 

(7) 

(HOVl + 2 (CO, -) 

(»J 

(HjCXh) + (HCO,-) + (CO, ). 

(9) 


where A is the alkalinity due to carbonic arid, and 5 is the total 
amount of carbon present in the forms indicated. These equations 
can be comliincd to give 



We must now consider the values to be adajtted for the four con> 
stants in this equation; namely, the alkalinity, the hydrogen-ion 
concentration, and the two ionixation constants of carhcmic acid. 

The average value of the alkalinity of the ocean seems to be well 
established as a result of numerous measurements by many investi¬ 
gators and hos a value of 2.43 milliequivalents per Uter.* The alka¬ 
linity is due almost exclusively to carbonate and lucarbonate. the 
amuunls of phosphorus, arsenic, silicon, and other elements capable 
of forming weak acids being completely negligible. .\ slight correc¬ 
tion can be made for the amounts of Iwntti known to ite present. 

A. H. U. Sv«nlni|f, II. W. JutiMun. ami K. it. tOnaioa. Ttt Ocf*u (Nrw Vork: 

IWke-fUU, 1946^ f». 2». 
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Using only the first iontaitkin consUuit of boric Mid and talcing the 
pH of the ocean a* 8.0. we find the alkalinity due to boron to be 0.06 
mUliequivalenls per liter.’ The alkalinity due to carbon it thcrclore 

2 J7 milliequivalenu per liter, . 

The variation in pH throughout the ocean is surpnsingly small, 
and the average value is about 8.O.* The small amount of variation 
found throughout the greater portion of the water map is graphically 
illustrated by the norih*fouth section of the Atlantic Ocean given 
by Sverdrup of. as taken from Waitcnbcrg.» It is clear that oyer 
the major porUon of the ocean the variation is only 0.1 pH uniU. 

It is of Interest to compare the observed pH of ocean water with 
that calculated assuming complete equUibrium with the c^n 
dioxide of the atmosphere. The deep water which constitutes by far 
the Urgest fraction of ocean water Is formed at high latitudes by the 
cooling of water of high salinity. Therefore we will assume Arctic 
conditions for the equilibration. For the apparent ionixalion con- 
sUnts of carbonic acid we will use experimental values wh^h vrill be 
discussed below. These arc K{ - 8.3 X 10-’, and K* - 6.3 X 10 , 
and are applicable to water of chlorinity 19.0 per mil at a tempera¬ 
ture of 4* C. We will assume an alkalinity of 2.37 mimequivalents 
per liter and a partial pressure of CO, in the polar air of 0.23 mm. of 
mercury «• For the solubility of C*0, in sea water wc will use the 
data given by Sverdrup et «/." The result of thU calculation te a pH 
of 8 10 for the water while at the surface. On sinking to the average 
depth of the oceans (3800 meters), the pH will change to 8.01 as a 
result of changes of K( and Kf with preiiure. These results arc m very 
satisfactory agreement with the observed pH of the deep ocean, 

namely, 8.0. , a » i i 

Beiiause of the high ionic strength of sea water, namely. 0.9 molal, 
and the lack of knowledge ol the activity coefficients of the speacs 
Involved, it is necessary to use apparent lonixation constants rather 
than thermodynamic constants for carbonic acid. Fortunately the 
values of Ki and Ki have been carcfuUy investigated by a number 
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d inve»tigA(or&” u a function of pU, wUnity, temperature, and 
preMure in both natural and artthdal sea water. In general, the 
agreement among the several investigators is excellent, and the re¬ 
sults appear to be very reliable. 

The relations which were found for the normal range of composi¬ 
tion of sea water are 

pK;-6.47-0.1011(0)*^ (11) 

at 20® C. with a temperature coefficient of —O.OOB per ® C. and a 
pressure coefficient of ~4.« X 10-* per meter o! depth; and 

pKf-10.35-0.498(01)'^ (12) 

(where pK is the negative logarithm, base 10) at 20® C. with a 
temperature coefficient of —0.011 pcr®C. and a pressure coefficient 
of —1.8 X 10“*permetcr.Taklng(Cl)as I.OSpercent, the tempera¬ 
ture to be 4* C., and a depth of 3800 meters (the mean depth of the 
ocean), we find that for average ocean water 

K;-!.26X10-« (13) 

K;-7.41X10-‘*. (14) 

From Equation (10) it is possible to calculate the errors which 
will be introduced into the value of the total carbon by errors In 
K[, Ki, and pH. If we substitute the following numerical values in 
Equation (10), - 1.20 X Mh*, Ki - 7.41 X lO*'*, and (H*) - 

10~*, we find 

S • (0.0082 -h0.074-h 1). (IS) 

It is clear that KJ has a completely negligible effect on S, since it 
contributes only 0.8 per cent to the last term. 

Dropping Ki and expanding Equation (10) in terms of powers of 
and dropping higher powers than ihc first, we have, to 
a go(^ approximation, 

J - d (1 - - d (I - 0.0 7 4). (16) 

12. E. C.Mober*. D M. Gmabwf. R. R«velk. ud E. C. Atlm, BuB.StriM Inti. 
Octant^., TtnM. Ctli/., Tmk.Str.,». 2J1 K- Bw*!. Adi Atwi.Aitiniu, Uetk.tl 

firrten, U, No. 3 (l9iS); Sverdrup « ul., tf. til., p. 250. 
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The eolire effect of K} is oaly 7.4 per cent. If for the po»ible error in 
KJ we the imount of the full rtngc between K* and Ki, we 
will Mtimate the possible error In S from this source as 7 per cent. 

The error introduced in the value of 5 by an error in pH can be 
calculated by differentiating Equation (10) with respect to—log 
(II*). In this way we find 



(17) 


At pH 8 a change of one pH unit gives a change of 0.36 in S, or 16 
per cent. If we ossume that the uncertainly in the exact average pH 
of the ocean is 0,5 pH unit, we place an error of 8 per cent on the 
amount of di&vilved carbonate. 

The variations in alkalinity which have been observed in water 
from various sources by different investigators amount to about 4 
per cent. We may take this as a measure of the uncertainty in A. 
Combining the errors from Ki, pH, and /I. by the square root of the 
sum-of-squares method, we place an uncertainty of 11 per cxrnt on 
the value of 5. 

Using the values of Ki 1.26 X IfC*, Kj " 7.41 X 10“ , pH • 
8.0, arvd 4 - 2.37, the soluticm of Equation (10) gives for S a value 
of 26.2 milligrams of carbem per kilogram of sea water, or 7.25 gm/ 
cm* of earth’s surface. This corresponds to a total mass of 3.7 X 10** 
gramsof carbon. In additim to the dissolved inorganic carbon, there 
is found in solution in the ocean a considerably smaller amount of 
organic carbon (not living). The l>esl value for this apjwarj to las 
about 2 mg, per liter, according to Sverdrup <1 a/.‘* lliis corresponds 
to 0.59 gram of carbon per square centimeter of the earth’s surface. 

The amount of carbon in living material is difficult to estimate and 
ap{)ears to have been grossly overestimated by some writers in the 
l>ast. We will base our estimate on the rate of fixation of carbon by 
photosynthesis, a quantity which appears to bo fairly well cstab* 
lished.'* Fortunately it can be shown that biosphere carbon b small 
comparetl with ocean cwbonatc. and therefore an error in the estima¬ 
tion of It will not be of great Importance to our use of this quantity. 

The total rate of fixation of carbon by land planu has been in- 


U. Of.iU.. 
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vestigated by Schroeder,*^ who concluded that the averaf^ annua! 
hxation by this source is 1.63 X lO'* grams, or 3.2 mg,'cm* of the 
earth’s surface. Kilcy'* made an investigation of the fuation by ocean 
plankton and arrived at a figure of .10.5 mg/rm’of earth's surface for 
the average annual rate. Rahinowitch*’ eatimaica that iin the l>aaia 
of the solar energy flux, reflection looses, and photosynthetic ef¬ 
ficiency, not more than 60 mg,'’cm* of earth’s surface could be fixed 
annually, indicating that Kiky’s figures could not be too low by any 
large factor. On the other hand, it appears that the estimate of 
Vemadiiky," who gives 2000 mg/cm* for tlie carbon content of the 
biosphere, with renewal several times a year, is cnergetiraliy im¬ 
possible. We will use the sum of the values given by behroeder and 
by Kiley os the total annual rate of flxalioii of carbon; namely. .U 
tng/cm* of the earth’s surface. 

Tlie total amount of carbon contained In the biosphere at any time 
will he given by the fixation rate times the average length of time 
a given carbon atom spends in the biosphere, if a steady state exists. 
An estimation of this time is somewhat cosier than might appear on 
first glance, since 90 per cent of the fixation is by ocean plankton, 
which arc minute organbms of very short life, furthermore, even the 
carbon contained in longer-lived organisms docs not in general 
have a lime of residence in the organism equal to the life of the 
organism but rather less because the material of the organism is 
replaced a number of times during its lifetime. \ maximum value for 
the a\*eragc time the carbon atom spends in the biosphere seems to 
be a few years. Since carbon in the bio^here is such a small fraction 
of the total exchange reservoir, a more exact treatment appears un¬ 
necessary. Taking 10 years for the average carbon life, our calculated 
biosphere inventory will be 0.33 gm/cm*of the earth’s surface, which 
will prove to be only some 4 per cent of the total in the exchange 
reservoir, as has been shown in Table 1. 

Wc may check this estimate against measurements which have 
been mode of the ratio of living matter to dissolved organic carbon 

15. C. Schnwkr, .Vah^^r.. T, 0,96 (1919). 

16. G.A.RIk)'. AxS 1. 1 (mi).4yoM«llir 
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17. Op. til., p. 6. 
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in (lie occAn. A oumbcr of such meaiuremcnti have been by 
several obicrvea,** and the ratio of diiiolvccl to living matter has 
been determined to vary between 300:1 and 2:1. The low figures 
are found only in relatively small areas near shore where there is 
Intense biolugicai acthrlty. The larger ratio, which was established 
for the deep water of the open ocean, was probably conwderahly 
nearer the average for the ocean as a whole. The estimates which we 
have chosen for these two quantities give a ratio of 2:1, again IimII* 
eating that wc have not underestimated the amount of carbon in the 
biospherr- 

Thc most likely way of appreciably increasing the holdup of the 
bio^ere is by the assumption that a considerable portion of this 
material spends many years in slow decay as humus or ocean sedi- 
m«its before it a recirculated. The available evidence for the ocean 
sedimenU seems to bo that the major part of the dead material 
dissolves during the settling process and that little of it ever 
reaches the ocean floor." This makes it unlikely that this factor could 
increase appreciably the importance of biosphere carbon to the size 
of the exchange reservoir. 

The amount of carbon dioxide in the atmo^herc has been deter¬ 
mined by several people. The values arc: Buch,« 0.12 (polar) to 0.13 
(tropical and conlinenlal); Paneth," 0.12; and Vernadsky," 0.12. 
Wc will use 0.12 gm/cm* of the earth's surface for the amount of 
carbon in almospheric carbon dioxide. ThU U equivalent to CO» 
partial pressure of 0.21 mm. of mercury, or a concentration of 
0.028 per cent. 

fn addition to the dilution of cosmic radiocarbon by the carbon of 
the exchange reservoir, some Is being removed constantly by incor¬ 
poration in sedimentary rocks as they form. This rate of loss of rad»- 
carbon will be estimated. The rates of deposition of calcium carbo¬ 
nate in the sea are not at aU wcU established. Various estimates can 
be made on the basU of the total amount of calcium carbonate that 
has been deposited, the bicarbonate cwitcnts of rivers emptying 

10. Sverdrap H W., *p. tH-, p. iSO. 30- • P- Wl*- 
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into the sea, and the direct ohservation of the rate of formation of 
ocean sediments. For example, Drown’^ haa calculated the foUowing 
inventory of carbon in the sedimentary rocks: in shale, 5.45 X 10** 
ftrams; in sandstone, 0.20 X 10" grams; and in limestone, 3.67 X 
10** grams- a total of 9.3 X 10*’ grams of carbon. If we aaaume uni¬ 
form deposition over a 2-billion-year period, we have a yearly loss 
rate of 5 X 10'* granu, which would remove only 6 grama of the 
9R00 grams of radiocarbon produced each year. This may be low 
because recycling may be important, and the other methods give 
somewhat higher figures; but it seems likely that the total removal 
by formation of sedimentary deposits is probably leu than about 
3 per cent. 

We may consider now the question as to whether or not the vari¬ 
ous portions of the exchange reservoir are sufficiently well mixed so 
that they arc completely elhdenl in the dilution proceea. The uni¬ 
form distribution of radiocarbon throughout the reservoir will result 
only if the various mixing procesMs are complete in a time short 
compared with the average life of radiocarbon (8033 years; the aver¬ 
age life Is longer than the half-life by 1/ln 2). From the estimated 
photo^nthetic fixation rate given above and the total material in 
the exchange reservoir, it can be calculated that a time of the order 
of 250 years would suffice to turn over all the carbon through the 
bio^heie. This insures that the thin layer of the reservoir at the sur¬ 
face of the earth and of the ocean will be well mixed, 'llu main 
question is whether or not the depths of the ocean and the upper 
reaches of the atmosphere are mixed. 

Considering the latter first, we note that the radiocarlmn is pro¬ 
duced at great heights (Fig. 3), the neutron intensity reaching a 
maximum at about 40,000 feet and foiling off considerably by 70,000 
feet. At this altitude the air pres.<iurc is 3.5 mm. of mercury. Excel¬ 
lent and r^id mixing Is well established in the trojrasphcrc, the 
adiabatic portion of the atmosphere in which most weather phe¬ 
nomena occur. In the meteorological "standard atmosphere” the 
tropo|>ause, or boundary between the adiabatic troposphere and the 
isothermal stratosphere, is assumed to be* at 10.8 Jem. (36,000 feet). 

24. H. S. Urawn, «o»aiuiucttion. 

25. H. R. Bytn, GtntrtI jrrMwWoiy (N«v V»rk; 1Um|( Oi., 1M4>, 

p. I7t. 


24 


RADIOCARBON’ DATING 


Htiwever. (he height of the tropopaiise varte» coiuider&hly with the 
MrAsiin and with latitude, reaching 1ft km. (5ft,000 feet) in the winter 
at 40° N. latitude, while In summer it may be found at 16 km. 
(53,000 feet) u far north u60“>i'. geomagnetic latitude.** Thus the 
tro|>opauK is actually alwvc the altitude of maximum neutron in¬ 
tensity some of the lime each year. Kven the isothermal stratosi)here 
is nut without vertical mixing.** 

The situation with regard to oceanic mixing is much less obvious. 
Very little Indeed is known about the quantitative rates of convec¬ 
tive mixing of the deef) ocean l»a.vnA. T)ilTusivc mixing is of course 
so extremely slow as to be out of the question. 

From studies made of the circulation of the Atlantic Ocean** a 
very rough estimate of the mixing time can be made. I'hcsc figures 
indicate that the rate of flow southward between South America 
and .Africa at the eciuator is about 6 X 10* cubic meters |ier second 
at 5000 meters depth. TTiis flow has Ircen identified with North 
Atlantic Deep Water produced in the Arctic regions, and much of it 
reaches the Antarctic to rq>lace a*ater subsiding at the .Antarctic 
Convergence. T'hc situation u greatly complicated by the presence 
of some six water masses interacting in an involved circulatory 
pattern, but wo may take this figure tu represent the gross ex¬ 
change of water between the North and South Atlantic at great 
depths. The shallower water is mixed more rapidly by local complexi¬ 
ties in the circulation pattern, and the surface water is characterized 
by well-dcveioped patterns of rapid currents. The .Antarctic Bottom 
Water, which fills the deepest parts of most of the Atlantic, moves 
slowiy north Irelow the southward current and is presumably re¬ 
turned to the Antarctic by gradual mixing with the North Atlantic 
Dee|) Water. The rate of the return is not ktsown, but the north¬ 
ward flow at the equator is estimated at I X 10* cubic meters per 
second. 

Taking the volume of the .Atlantic Ocean as 3.24 X 10** cubic 
meters, wc find the calculated time of circulating the entire ocean 
through the entire Deep Water current to be 1700 years. About 18 
per cent of the Atlantic is below 4000 meters. If this water has a 

U. C. G. Kowli}-. ta Tkt /«aM>4wN ^ tk$ EtHk rh»H$, td. G. T. Kaiper 
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rlnioUtioii rule of 1 X 10* cubic meter* per iccoml, the time re¬ 
quired If) circulate it i* IKOil year*. Lc** is known aiK>iit the I'acific 
circulatKHt. but It i* thought to Ik* 'wimc'what slower than that of the 
Atlantic. 

Kur isolated seas for which the annual inflow and outflow are 
known, it is possible to calculate a renewal time. Some of the flgures 
so obtained arc: Nfuditerranean, gO j^ars; AkUc Alcdilerrancan, 
165 years; and Dlack Sea, 2500 years. The volume of such seas makes 
their importance in a general mixing process small, but the figures 
given are an indication of the order of magnitude of the time scale 
involved. 

A further argument in favor of complete mixing of the ocean 
basins may be baaed on the following considerations; It isknuwti that 
heat is being liberated from the earth'a cniat at the rate of about 30 
calorics per wiuarc centimeter per year.** Prcaumably the evolution 
of heat from (he bottom of the sea is of a similar magnitude, as in* 
deed recent measurements by Rcvelle and associates in the deep 
I'acihchave shown.** Owing to this heat evolution, one might expect 
regions of temperature inversion to develop near the ocean bottom, 
especially in areas of poor circulation. To transfer this amount of 
heat by molecular conduction would require a thermal gradient of 
fl X I0~^*C, per centimeter, assuming the conductivity of water to 
be 0.0013. If a layer lOOO meters thick at the bottom were cooled 
only by molecular coiKluction, a lem|)cratute difference of 8tPC\ 
would be required. Xaturally, turbulent eddy circulation irnttcms 
would be set up at much lower gradients, and a more effective 
mechanism of eddy conduction would operate to remove the heat. 
Such eddy circulation would be equally efficacious in the transfer of 
duisolved carbonate, and a very efficient method of maintaining 
the radiocarbon equilibrium would arise. It can be calculated, 
for example, that a temperature grarlicnl of 1.6 X 1<H ‘C. per 
centimeter would require a coeflicient of eddy conduction some 
hundred times the mrflccular coefficient for the tranider of (he |kkIu. 
latcd amount of heat. This is quite small as eddy cocflicients go, 
since they often range up to 10* or more times the molecular co¬ 
le. K. C. Bulloril, .VaTHTr. ilS, 3S (1915). 

3t>. Rach Revel)* ami aMudaleS, (irivalc ranmuniraiinfi. They Aikl U ralnricf 
|irr ufHirr reiMlmrter per vear. 
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efficients Such ait eddy circulation operating at a depth below 4000 
meters can be shown to be adequate to mix the ocean depths auf- 
fidcntly so that the assay of radiocarbon at 6000 meters would be 
90 per cent of normal with an integrated effect of only 1.4 per cent 
on the value of the spcdlic activity. 

Pew cases of temperature inversion in the deep oa'an have been 
rslablishetl The inversion gradient shown in the above calculation 
Is that observed in the Mindanao Trench" and Is almost exactly 
equal to the gradient which would be produced by adiabatic com* 
pression; that b, there u no density inversion, the density of the 
water being constant with depth. However, the smaller the thermal 
grarlient, the larger the coefficient of eddy conduction required to 
tranqmrt the heat. Without specifying the nature or source of the 
circulation, we merely point out that if JO caloriei per square centi* 
meter per year are being evolved from the ocean floor, a certain mini¬ 
mum rate of circulation must czut in order to prevent the develop¬ 
ment of large thermal gradients. The above arguments arc of course 
qualitative, since turbulent eddy circulation is not amenable to 
calculation. However, if the assumption of the qiecified heat evolu¬ 
tion is correct, the alisencc of appreciable thermal tn\’crsions near 
the ocean bottom would seem to indicate that the mixing is very 
good indeed on our time scale. 

It has not been possible to obtain samples of dissolved carbon 
from the very deep ocean, so that experimental evidence on the mix¬ 
ing time u not at hand. It would a|)pear that measurements of this 
kind might be of considerable oreanngraiihic interest and might shed 
sunw light on the problem of circulation in the deep basins. It is to be 
noted that collection of the deep water must be done with care, so 
that particulate material on transit from the top to the bottom and 
probalily in equilibrium with the biosphere will not be taken is part 
of the sample proper. It seems likely that matter falling through the 
deep water would not come into exchange equilibrium with dis¬ 
solved material. 

We arrive finally, therefore, at the numbers gi\'cn in Table 1 and 
a total figure of 8.3 gm 'cm*of the earth's surface for the carbon in 
the exchange reservoir, ‘rbc uncertainty in this value for the total 


.tl. Svmlr«|i pf.tU., p. 7JS. 
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carfmn in the a-servoir we place at about IS per cent, moit of thu 
error b«inK in the estimated uncertainty in the value (or ocean 
carbonate, since it is the largest single Item in the reservoir. It is 
interesting to compare our numbers with a similar act given by 
Rubey " Dr. Rubey's nun«lK»rs are 7.85 gm/cm* for the total, con- 
sisting ol 6.95 for ocean and freah water, 0.125 for the atmosphere, 
and 0.775 for living organisms and undecayed organic matter. 

We shall turn now to the question of the present production rate 
of radiocarbon as judged from the olwcrved neutron intensity in the 
atmosphere, assuming essentially quantitative conversion of atmos¬ 
pheric neutrons to radiocarbon by Equation (1). As stated previous¬ 
ly and ahown in Figure 3," the neutron intensity increases with alti¬ 
tude from sea-level up to about 40,000 feet in an esiwnential fashion, 
with a haU-thickncM of al>out 1 meter of water equivalent. Above 
40,000 feet a maximum is reached, followed by a ra|>id decrease, 
indicating very low intcniity at the very top of the atmosphere, in 
agreement with the principle that the neutrons are Kcondary in 
origin, Ijeing produced by the impact of the primary cosmic radia¬ 
tion on the atmus|>herc. In addilUm to the altitude dependence, the 
neutron intensity shows a strung dependence on geomagnetic lati¬ 
tude (Fig. 2),” the intensity at high latitudes l)eing about four 
times that at the geomagnetic e(|uator. 

The measurements on neutron intensity which we use for our 
calculations of total intensity have been on the thermal component 
as derinerl by cadmium absorption lor a boron detector. We shall 
take this to mean that that fraction of the neutron spectrum lying 
below 0.4 ev has been inea.sured, and, in order to calculate the total 
number of neutrons per square centimeter, Q, and its wnrid-wide 
average, Q, we must determine theoretically the probable ratio of 
the total intensity to the thermal intensity. Belhc, Korfl, and 
Placaek** and Placxck* have considered the problem in detail. Fol- 

32. W. W. Rub«y, “UtukiKiotl Kvialrw* lUttrcHna lh« So«r(«ot (kt Kwlh’mHv- 
•ItwjArn sod AimMphm," Scuntt. ItS. 20 (1950); uid auluan, I9S0, rwtfma e( 
tbe NktMMtl Aca«l«in.v ol Sciences. 

W. L. C. t. Yuan, «jr*. gtv., 7*. .V4 (l94a);T«. 1267.1268 OW); 77. T2S (I9J0>: 
L. C. u Ytun sntl K. Lsikninarf, BhU. Am. Myt. Sh., 33, Ko. 2. 21 (IVttj. 

34. E. C. AiuWnon. Ph.l). ihesis, tlftlvmii)- of Clikas'^ (1949). 

33. H. A. Beihe, R. A, Korff. sod 0. IltCMk. Bkyt. Ka.. 17. 373 (1910). 

36, n. riMtdk. Pkys. He*.. 69. 423 (1946). 
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lowing them and using the later data of Melkonian’^ together with 
the data in the Massachusetts Institute of Technology volume,** we 
shall assume that in the range 0.4 cv to 0.5 mev the total cross* 
section in units of 10-** an.* for air is given by 

».-S.S6*|* (U.266/£>A), (tS) 

and that the ca|)ture cross^ectlon is given by 

^,-0.266/£’/’. (19) 

The expresdon for the ratio of the total numiter of neutrons gener¬ 
ated to the numlKr which reach the thermal range is e*, where y Is 

where the number 0.124 Is the fractional energy loss in elastic rol- 
Inion with the average air atom, the bond strength being neglected. 
Integration and substitution give 0.79 for the integral and the calcu- 
latal rstio of total production to thermal population of 2.20. It is 
clear, however, that one must consider the cllect of the very strong 
bonds in the nitrogen and oxygen muleeulo on the cooling process. 
Study of the analogous problem of the effort of binding on the neu¬ 
tron clulic and inelastic cross-sections for hydrogen** leads u$ to 
ex|>cct that no large error is made in ne^ecting the binding for cool¬ 
ing down to the cedmium cut-off of 0.4 ev, which is 1.5 vibrational 
riuanla for tlie aversge air molcc\ilc. 

It is necessary to mahe a correction {fx the obsorption above 0.5 
mev. It has been shown by Rarschall and Battat,** Johnson and 
UarKhali,*' and others,** that resonance production of radiocarlion 
occurs in this range at c^oa^sections rising to a maximum of 0.1 X 
10-** cm.* ami falling to about O.Ol X 10"** cm.* in the range 0.5 
mc\' to 2.0 m«fv. To obtain a probable upper limit for the capture 
contribution in this high-energy range, wc assume that only elastic 

.\J. R. SKftianbii. nyt. Art.. 7». 179 (IMO). 

in. Jirinn mS SjrrMMhac .VwtMr Pnrr (l^inMtiK. Mm*.; A<UiMn.W«*lcr 
rrr«. I447|. I.SOS-H. 

n II. Hnar. Kn. U*4. Mip., s, 12i-27 (IW7>. 

Rl. II. li. JUnrhiD Mil M. K Mittal, fiyt. JUt., ro. 2t5 (IM6). 

■II. c. n. Mn«>« XMl H. IL DwKhiU. Rn., SO. Sl» 

42. Arirawoarf AiiMmuf i^.Ywlntr Aaow, i, 40S -11. 
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iCAttering occura and (hat an avenge capture crott-aection of 
0.035 X 10~**cm.*ai^li<sthruuj(hQUt the high-energy interval. Thix 
gi%^ an additional contribution of 7 jicr cent to the ratio of total to 
thermal neutron population. The corrected ratio is 2.36. llje value 
of ^ is now to be obtained at any given latitude by integrating the 
observed intensity under the intensity versus altiuide curve (c.g.. 
Fig. 3) and multiplying this observed intensity by the number 
2.36. For thU purpose we choose the data of Yuan and Ladenburg," 
Hgurc 3, obtained at Princeton, New Jersey, which give 1.0 as the 
number of slow cosmic-ray neutrons absorbed per second per square 
centimeter of earth's surface at that latitude. Uring Simpson’s data** 
(Fig. 2) for the variation of Q with latitude, and integrating over 
the surface of the earth, we Tind for the average thermal ilux 1.1 
thermal cosmic-ray neutrons per M{uare centimeter per second. 
Finally, multiplying by the ratio of total production to thermal 
neutron population, wc obtain 2.6 as the most likely value for (). the 
average total production of cosmic-ray neutrons per square centi¬ 
meter of earth's surface per second. Considering the various sources 
of error in this figure, it seems that it probably is good to about 20 
per cent, though there is, of course, considerable possibility that the 
eiTor is somewhat larger or smaller than this. 

If the figure 2.6 for the average total production of cosmic-ray 
neutrons per square centimeter of earth's surface per .second, Q, b 
correct, and this intensity has remained constant over the last 
several half-lives of radiocarbon, we can calculate an expected spe¬ 
cific activity for the carbon in the exchange reservoir of (2.6 X 60)/ 
B.3, or 18.6 ± 5 disintegrations per minute per gram of carbon. 
Thb is to he compared with the observed mean value CTablc 2) of 
16.2 ± (i.a. Roth of these numl>ers are for the average carbon in 
the inventory and are very close to the number expected fur carbon¬ 
ate carbon, which ix some 6 per cent higher in its radiocarbon rontmt 
than biological carbon. The agreement between these two values is 
gratifying and suggests that no major factors contributing to the 
situation haw lieen overlooked, although it does seem possible that 
the agreement may be due in some ]>art to cancellation of errors. 

The possibility that (he amount of carbon in the exchange reser- 

43. C. L. Yms mmI K. UdmUirt. ItmU. Am. yhf. Stt., U. Xu. 2.21 (IMS). 

44. E. C. Andersnn. Ili.D. thesb, Vnimiit)’ o( CbicMo (IM9). 
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voir has altered appreciably in the lut 10,000 or 20,000 years turns 
almost entirely on (he question as to whether the glacial epoch, 
which as we will see later a{j|>ears to reach into this period, could 
have affected the volume and the* mean temperatures of the oceans 
appreciably. Antevs.* Daly,* and Mlnt^’ give 00, W. and 102 
meters, rcqwctis’cly, lor the lowering of the seas below the present 
level during the last Ice Age. 'lliis is to be compared with the mean 
dc[)ih of 3SO0 meters, so we may cipccl a decrease in the volume 
of the sea by about 5 |>cr cent during this period, the actual magni¬ 
tude depending on the extent of the continental shelf in shallow 
regions in this sea. This effect in itself would lead to an increase in 
the qwcific aulivity of carixm formed during the glacial epoch by 
about this same percentage. In addition, (heir is the question of 
the mean temperature of the oceans and whether this has varied a|>- 
pnrciaUly. An increase in mean temperature would act to increa.se 
(he cadwn in the n-servoir, and a decrease in mean tcm{)eraturo 
would derreaje the inventory. Bearing in mind that both of these 
effects will !>c unimportant unless the altered cundilioiis last for a 
time of the order of magnitude of the mean life of radtocarixni 
(aOiA ± SOycarsl.wefinditdifficult at this stage to makecorrectioii 
for these effects. It does seem possible, however, that the certain 
decrease in volume and the jtrwsiljlc sli^t decrease in tcm|)eratuni 
might raise the specific activity of carlmn in the exchange reservoir 
during the glacial maximum by 5 or 10 per cent, causing an error 
in the direction of making glacial materia! aiqiear somewhat too 
young. We can estimate from the decay equtilwt 

/-/.c-'". (21) 

in which /• is the original sttccific activity and r is the mean life, 
that the error in the age will be given by 

( 22 ) 

in w'hich A/ is the error in the determination of (be s^wctfic activity 
of the ancient material and A/» Is the error marlt- in assuming that 

as. .1*. CtH' Xtf; Mft. Str.. So. 17, Mk 74-ai (IViSK 

4a CMutimi Il’tfU if lit tie Aft (S'*w IltTm: YUe Uftivn»ll> I’wii, IM4). 
)>- 40. 

47. Gleeiel CttlitJ *ei Ike neiitmmt Hpnh (New Vutk; Jakn \Mlry ft 1947), 
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It has the modern value of 15.3 for organic matter or 16.2 for shell 
and inorganic material, h'rom this we tee that a 10 per cent error in 
Tt would make our glacial ages too young by some 800 years. As 
further information l>etcomes available on the chronology of the 
recent lee ages, it should be possible to make a more accurotc correc¬ 
tion for this effect. It Is to be hoped that Professor Urey's determina¬ 
tion of prehistoric temperatures by the O'* content of fossil shell'* 
will give quantitative information on the mean temperature of the 
oceans in recent glacial times. With such data one then can calculate 
the expected change in the principal item in the inventory, the inor¬ 
ganic carbon in the Ma. The data availalilc at present suggest that 
the temperature correction will not be large, though it must be 
borne in mind and cunsidemi to be a source of uncertainty. 

It seems quite likely that the amount of living matter on earth 
will nut seriously affect the specific activity, for the rvASnn that it 
constitutes such a small fraction of the total inventory in the reser¬ 
voir and probably has always held this minor poeition. situation 
would appear to be similar for the other two items in the inventory, 
the dissolved organic material in the ocean and atmospheric carbon 
dioxide. 

The question of the constancy uf the cosmic radiation intensity 
is much more difficult to answer. Orte feels that it is not unlikely 
that the intenaity has remained constant in the sense we demand; 
namely, variations in the average intensity over periods commen¬ 
surate with the lifetime of radiocarbon, since it appears to be a 
phenomenon originating in the cosmos and therefure probably tied 
to a time scale similar to that controlling the intensity of solar 
radiation. However, it is not obvious a priori that this is true, and 
we must admit the possibility of variations having occurred. .Almut 
the only sources of information on this point discovered so far have 
been the agreement between the specific activity of the present-day 
inventory and the observed present rate of production and observa¬ 
tion that ancient materials of historically known age appear to 

•W. H. C. Vrty, Stimt. lOS, 4W (IMSJi J. SI. MeCno. J. Chum, IS. MV 
E|MUin, R. BuchiiMum.n,.\. L»irWt«Um,an<III.C.VrQ’. ‘'Th« CwbonaU- 
Water Tioupic TrmucratiitvBnlc,” HtM. 0»l»tMS*clHy^AmerUt, M. 417 (IMt); 
H C. Drry, H. A. luowrnalain, M. Kfalrin, and C. K. SlrKinM;-, “Meamimnmt of 
PalMln>|iinralw(S ami I'tinimaturc* ot tht UiaMr OrvUcaout «l Lnskml, Dwinatk 
ami tbc SouthcaMern United ^ate«,” BuB.CaUtMS/ielHjtfAmffkt. «3. 390 (lOSIV 



32 


RAlil()CARW)N iMTtNC 


exhibit the ra<tiocarbon content cticulatcd on the awumption that 
Iheir oripnal assay was identical with that of the modern reservoir. 
Wo have seen how uncertain (he ejqicrimcntal information on the 
present rate of production b and are (hcrefore forced to cunclutlc 
that agreement between thb rate and the radioactiviiy of modem 
material, which of course reflects the production rate as of some 
8000 years ago since the carbon atoms now found in modern wood, 
f<»r example, aa- 8000 years old on an avengte b not a very firm 
proof of the constancy and intensity of the citfmic radiation, (t does, 
however, agree with this postulate. The rather satisfactory agree¬ 
ment betwa'n the prcdictcti and observed radiocarbon contents of 
organic inatcriak of hbtorically kntm'n age (I'ig. 1) b somewhat 
more reassuring. I'sking the oldest materiab with an age of some 
4000 years, we observe their radirtcarlwn runtent. which was of 
course due to an average pmduciion sfsnc 80(X) years previous to 
their exbtencc, or some 12,000 years before the present, appears 
within the experimental error to have been the same as at present. 
Thb of course assumes that the sixe of the reservoir has not changed 
simultaneously arul in ■ compensating manner. However, for the 
reasons given aimvv we do not think that a significant factor of this 
s(^ b very likely. Corksidering the matter empirically, we arc ap« 
parcntly justified in saying that, whatewr the reasons, the specific 
activity of living matter has not changed significantly in hbloric 
times, and the |uoblcm resolves itself into consideration of posaibk- 
variations restricted to the piehbtoric period encompasswl hy the 
radiocarbon dating rrtethorl. 
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T he hall-Ufc of raflincaHMi) has been measured several 
times. Table 4 gives the results oltUinKl, together with 
the method of measurement. It is dear at a glance that the 
eariy measurements in which the amount of radiocarlxin In the 
sample being measured was l}ased on estimated bombardment yield 
gave high values. The later measurements Iwscd on mass ^KCtro* 
metric assays divide into three groups, according to the method oi 
measurement: (o) counting of solid barium carljonaie with thin 
window counters; (b) gas counting with the cariron disulfide carl«n 
dioxide mixture dcscriU'*] by Miller and Brown;' and (c) gas count¬ 
ing with CO] cither as a small additive to the standard argon-alcohoI 
counter gas or as COi*raethanc mixture in the profxirtional counter. 
Miller do/.* have given evidence that the latter group is more nearly 
correct. It seems on first prindples that the point of 100 jier cent 
efficiency for ionising radiations is most definitely settled in the ease 
of standard argon^cohol gas mixtures and probably in the ease »f 
the proportion^ counting technique. The first group, using the solid 
barium carbonate technique, seems to be subject to more errors in 
that more serious corrections for wattenng and absorption are in> 
volvcd. The second group presents answers which arc not dear in 
their significance, and the discussion of Miller d al* casts consider* 
able doubt on the validity of the results obtained by this technique. 
Therefore, in seeking the most probeblc value for the half-Ufe of ra- 
diocariion, we select the three values determined by the gas-counting 
technique with ordinary gas mixtures. They arc 5580 ± 45;* 5589 ± 

1. \V. W. Miller. lOS, T« (IW?); S. C. Brwa and \V. VV. Miller, 

/«</.. ia4M (1947). 

3. W. W. MiUer, R. BaUeniine, W. Ucrmletn, L. KrleilnMin, A. O. >nrr. uxl X. D. 
fkyt. tU*.. Tt, 714 (1950). 

3. IbM. 

4. A. O. Eagclkniinr, W. H. ilBmlll, Xf. G. tsjcbnin, and W. F. T.ibb)-, J'kyt. Xer,, 
75,1835 (1949); A. G. Litg«lkam*ir Mil W. F. liMy, Km. Sei. IhU , 21, (1950). 
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75;* tnd 5515 1 165;* for & woij^htcil Avemgc of 5568 ± 30, where 
(he weighlinf wu taken according to the inverse square root of the 
errors quoted. 

In order to exhibit evidence as to the reliability of the halMife we 
choose, we shall discuss in a little detoil the methods used in our 
laboratory^ to obtain the value 5580 ^ 45. These of course arc very 
simitar to the method used by Jones* at Los Alaint>s also. Tlie first 
point is the evidence for the ability of the standard argon-alrrdiol- 
filled Oeiger counter to rcconl any ionbcatiuii event occurring in the 
gas phase except for the small volumes near the end where tlic dectri- 
cal field is reduced; in other words, the evidence for 100 per cent 
efficiency as one moves from the wire to the very wall of the counter. 
The proof it not completely rigorous, but the evidence strongly 
favors this conclusion. In the first place, it has been known since the 
discovery of Ceiger counters that a counter cun be made to record 
photoclcctrons emitted from the wall if the wall is made of the 
proper materials. Photoclcctrons cannot welt have over 2 or 3 volts 
of kinetic energy and therefore have an extremely small range of 
their own and rw ability to ionise the gaa molecules. We therefore 
conclude that single electrons introduced right at the wall arc 
recorded with u not negligible efficiency by a good Ceiger counter. 
Further evidence on this |>oint U that counters made with ap> 
pr^rlate materials such as ceMum<Qated waits must he cooM 
to avoid an extraordinarily high background which is presumably 
<tuc to the emission of thermionic electrons from the wall. '1‘heie elec¬ 
trons of course have even lower energies than the photoclcctrons, 
ranging annmd 0.0.) cv, sn again we see that electrons introduced at 
the very wall with energies below ionisation energies can t>e recorded 
in these instruments. Neither of these arguments shows that the 
instrument •records in the low-energy range in the wall region with 
100 per cent efficiency. It docs show, however, that the efficiency 
is not zero for even the lowest energies. 

The argument as to efficiency rests almost entirely on two lines 

5. W. M. JOM*. FSyi. »tf., 76, 98$ (I9I0I. 

6. W. W. Mitin. K. Ilalkniine, VV. lirrMidn. T.. Prinlmn, A. O. NVr, and K. I), 
livaai, nyt. Kt».. 77. 714 (IVU). 

7. .\. 0. Enaelkcmeir *r W.. Fkit. ftn., 73. IIU5 (1944>; A. O. KnirilLteietr sm] 
\V. F. libby. R<*. St). tnU; ti, S5A 
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of evidence. The first is sn experiment in which three counters are 
Kt in I line with their axes parallel and connected electrically so 
that, when the first and third counters fire simultaneously, observa* 
tion is made as to whether the middle counter fires.* The simultane¬ 
ous firing of the first and third counten is due to a penetrating ra¬ 
diation which pas!«s through both instruments, presumably in a 
straight line, and therefore certainly passes through the middle 
counter. These observations show that the middle counter does fire, 
llic middle counter then is di^ilaced in a diKction perpendicular 
to the line joining the first and third by a .small amount, and the 
observation repeated. The di.splaccmcnt is continued until the very 
edge of the counter just U in line with the very edges of the first and 
third counters. It is then found that there is a very abrupt disappear¬ 
ance of sensitivity of the middle counter. Further evidence has been 
obtained in our own researches, as dcscril)ed later, in which we shield 
the cuuntcr measuring our samples from penetrating cosmic radia¬ 
tion l>y surrounding k with a single layer of counters in tangential 
contact in a typical experiment we find that without the shielding 
counters connected our central working counter records a rate of 
some 120 counts per minute, whereas the rate is reduced to alKMit 
7 counts per minute by connecting the shielding counters. The 
residual 7 counts per minute may well be due to contoinlnation in 
our central counter or to radiation coining in the ends where our 
shidding-rounter array affords incomplete coverage. We thus con¬ 
clude that at least 95 per cent and probably more nearly 100 per cent 
of the radiations passing through the counter bundle are recorded 
by the counter bundle and thereby written ofi the record. More to 
the point, however, is that experiments in which we have added a 
second layer of counters have nut significantly reduced this l>ark- 
ground. Tliis seems to have the interpretation that counters in tan¬ 
gential contact possess nearly a 100 per cent efficiency throughout 
their volume. 

The second general line of evidence is the internal consistency ob- 
tainci! in the measurements on the haU-Hfe of radiocarlion hy using 
itMinters of various diameters, as discussed later. If the l>asic assump¬ 
tion of limited cflicicnc)' were not (rue, it seems clear that the con- 
sisienry would Ix reduced. The auumption therefore was made in 

9. K. Crvisrn and N*. Nrrr««, Hkjt Art. sa. 316 (1941). 
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these rvsesrehes that a standard brass-wait Oc^er counter filled 
with argon and ethyl alcohol at typical prcMurcs of 7 cm. of mercury 
pressure of argon, and 1.2 cm. of mercury pressure of ethyl alcohol 
would record any ionising event that involved so much as a single 
ion pair in any part of the volume between the counter wire and the 
very surface of the brass wall. 

With this assumption the task of measuring the half-life of radio¬ 
carbon is reduced to three parts. The first is to determine the end 
lots, that is, the effective volume at the ends of the counter where 
the field is so weak that radiations sppearing in the gss sre not re¬ 
corded. The second task is to make cometion for the case in which a 
radioactive carbon atom expels its beta ray in tbc direction of the 
wall but lies so doso to the wall that it dues not succeed in ionizing 
the counter gas before entering the wall, and then the ray enters the 
wall and remains in it without ejecting secondary ions from the 
wall. This b called the wall correction. The third task b of course to 
measure out a known number of radiocarbon atoms into the counter 
and to observe the disintegration rate. Correcting for the end and 
wall losses, one then can calculate the alisolute disintegration rate 
and half-life. 

'llie method used to obtain the end-loss correction b the nhvious 
one of taking a set of counters of a given diameter but of different 
lengths, filling them with a given pressure of radioactive carbon 
dioxide, and observing the count rates. One then takes the difference 
between the rales observed for counters of two different lengths as 
the rate one would observe for a counter of length equal to the dif¬ 
ference In length but with no end lou and from thb calculates the 
end loss observed In the two counters. Using this technique and 
counters with ffat ends msdc of ludte plsstic plugs, so the construc¬ 
tion of duplicate counters would be simple and the observed end 
corrections generally applicable, we have found that the end correc¬ 
tions are primarily dependent on the Icnglh-lo-diunctcr ratio. Kor 
example, a counter 12 inches long and 2 inches in diameter has nearly 
the same percentage end loss as one 6 inches long and 1 inch in di¬ 
ameter. In addition, the correction it extraordinarily Independent of 
energy for beta emitters up to 0.74 mev upper energy limit. Three 
substances were used fur thb study; A”, which emits 2.8 kev .Auger 
electrons; C“ with a beta spectrum with a 154 kev upper limit; 
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and Kr* with a l>cU sjKxlrum of 740 Jccv upper limit. 'Jlie rctults 
are ihown In I'’3gure S. The correction can be expressed empirically 
by the equation 

yK/a/D-K), (2.1) 

where if has a value of 0.27S ± O.l.** 

The accond correction on the count arises from the possibility 
that a radioactive carbon dioxide molecule that happens to dis- 
iiitcftrete near the wall and to Are ita dirinteitratlon electron in the 
direction of the wall trill either fail to produce a free electron in the 
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gas itself or fail to dblodgc one or more from the wall. At first glance 
UiM .seems unlikely to l« a serious effect, and it is indeed a small 
effect, but one large enough to require a correction. It U clear that 
the effect Is proportional to the surfare-to-volumc ratio or should 
vary invcnely ai the diameter of the counter. One therefore can 
compare the ulnerved count rates as a function of the diameter of 
the counter after the rates have Iwen corrected for the end loss and 
empirically detcnninc the magnitude of the effect. Measurements 
with Kri* have given" a correction of 6.9 ± 1.1 jicr rent fur 1-inch 

IQ StnwIkiwIranH g/r. M. IwH^ 2 i, .AV (KUtti. 


II. tM. 



tlALF>LII''iv OF RAUKKIARUON 


.19 


diameter*, 4.6 ± 0.7 per cenl for 1.5-ineh diametcn. and 3.4 ± 0.5 
per cent for 2-inch diameter counters, ft is also clear that the cfTccl 
should increase with the enerfO' of the rarliatinn emilieil, since the 
number of ions formed per unit lcn;(th of path decreases as the energy 
increases. In hveping with this, no wall loss was found for the very 
soft 2.R-kcv radiation from A”. Wc therefore can cjqxct that for 
radiocarlKin with energy intermediate between these two substances 
the currection should be of the order of 2-4 |icr cent dqxmding on 
the diameter of the counter. The ('** data themselves indicate this 
to be so: for 1-inch diameter counters 3.5 ± 1.2 per cent; for 1.5- 
inch diameters 2.3 ± 0.8jjercent;andfor2-indidiameters l.K ± 0.6 
per cent are the values found. 
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It is possible to estimate the magnitude of this correction semi- 
empirically hy considering the data for the density of ionisation pro¬ 
duced by Itcla rays of various energies.'* Using these data and aver¬ 
aging over the known beta q>cctrum of radiocarbon, one calculates 
the mean thickness of the gas near the wall which fails to count. 
This is a fictitious physical concqit, of course, since part of the gas 
even next to the wall will Tire its licta rays into the main body of the 
counter and certainly record a count, 'fhe second component of 
the semi-empirical calculation is the effect of splashing-out of 
secondary electrons by the electron incident cm the wall. Data for 
this phenomenon arc known for brass surfaces,'* ^cc they arc of 
great importance in the operation of the standard photomultiplier 
tube. The results of this calculation are given in Table 5. 

It is interesting to see how well the scmi-cmpirically calculated 
corrections agree with those observed experimentally, lire first half- 
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life publUhcfl nn the Iioms uf (hv dale c»]>(mine(l was 5720 ± 47 
years,in which the wall corrpcitnn had not Iwen made. 1'hc reality 
of this correction was revealed by later research,** and a onrmtion 
of some 2.5 i>cr cent was made to lower the value to 55M) ± 45 years. 

The rndiuBctiw ctrlwn dioxiric used in the determination was ob* 
tained from the fsfiUjpcs I)ivbion of the Atomic iincrgy CommU* 
sion, and four master-samples of carix>n dioxide of dilTcrcnt isotopic 
composition were prqiarcd. These were carefully ana]y7.ed for the 
C" contents on the maas spectrograph. The four masters were then 
diluted by various factors to provide seven working samples. .Since 
the original citmpnsitions were in the range from 1 to 6 ]ht cent, 
dilution factors of several thousand fold were necessary In lower the 
specific radioactivity of the cariMn rlioxide to a meaauralde value. 
The dilution was accomplished by allowing part of the maiter-tample 
to cx]»nd from its storage bulb into a McLeod gauge. A 0..5281-cc. 
ImiIIi had Iwcn sealed to the capillary of the McLeod, and the radio* 
active COt was forced into this bulb by raising the mercury. The 
vacuum line was thoroughly evacuated and the pressure of COi in 
the bulh measured. Inert CO) was then used to flush the vacuum 
line, and a pressure of inert COt was allowed to build up so that, a.s 
the mercury was lowered, inert COj was forced through the mercury 
into the McLeod to a pressure of 40 or SO cm. of mercury. The vacu* 
um line then was evacuated, and the total pressure in the 503.1-cc. 
McLeod volume was mea.sured. After allowing to stand to mix. the 
diluted sample was stored in a bull> by rondensatum into a trap at¬ 
tached to the bulbusing liquki nitrogen. I'he temperature of the room 
was recorded throughout the process, and it was considered that no 
significant error was introduced in the dilution step. 

The diluted working sam|dc was introduced into the counter in a 
number of difTervnI ways, The most satisfactory of (he procedures 
was to introduce a known pressure into a rather large bulb to which 
a known pressure of argon was then added. After thorough mixing, 
this gas mixture was then Introduced into the counter, to which 
some 1.2 cm. of ethanol va{K>r had previously been added. The count 
rate then was determined to a fraction of a jjcr cent error, external 
standards being userl to check that the counter was operating with 
its usual efficiency and corrections being made for loss due to a cmint 
14. tSateArmtir ti al.. fkp. Mn.tt, DU-tpOM). 

1$. E«aelk«QKb amI IJU>x. Kn. Xrj. liul., 21, .VW (I9.V). 
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occurring while the enunter was busy with the precoding count {ihU 
correction in general was quite small). Somewhat over a hundred 
meaaurcniviits ol IhU sort were mark* in the course nf a two-year jic- 
riod, resulting in the value 55W) i 45 mean solar years. 

'ITie agreement lictween our determination and those ol Jone*'* 
and Miller et «/.'* is gmtilying and leads us to believe that the 
weighted mean of these three determinations, 556R ± 50, is prob¬ 
ably accurate to within SO years and almost certainly to within 100 
years. Tlie imiwrtancc of an accurate value for the halWifc to the 
radiocarbon dating technique is obvious, it l>cing true that a I per 
cent error in the half-life appears immediately as a 1 per cent error 
in the absolute age of any given sample. For example, a 10,000-year- 
dd sample could never be measured to better than 100 years under 
such conditions It is also equally dear that a chronology could be 
developed In which the radiocarbon half-life was defined to be 5S6S, 
and questions of simultaneity would not be incorrect even though 
the half-life were indeed quite ernirreous. 

A further point in favor of a half-life somewhere between 5000 
and 6000 yean is the result obtained with ancient samples of his¬ 
torically known age (Fig. 1). One cannot use these data to decide 
definitely between the various determinations of the half-life given 
in the latter part of Table 4. It is conceivable that a careful research 
devoted entirely to the most careful measurement of the spe«-ific 
activity of the historically dated samples would give data of such 
accuracy as to distinguish between these values. Our own experience 
has been that the fit of the data we obtained when we thought the 
life to be 5720'» was not any worse than the one obtained at present 
with the new life 2.5 per cent lower.’* 

It is to be hoped that further measurements on the half-life of ra¬ 
diocarbon will be made, preferably by entirely di/lcrent techniques, 
since considerable agreement by the present technique we favor has 
already been oI>iained. This is important not only for the rarlMKarlwn 
dating technique but for many problems in nuclear physics and 
radiochemistry, where methods of measuring absolute disintegration 
rates rather than relative rates are of viul Importance. 

16. Pkfi. atm.. re, as (low). 

1? My*. g«., TT. 7U (t»so>. 

IS. W. P. IJbbv. K. c. Anknoo, and J. K. AnuM. Xtinue, I0», 227 (iOM). 
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PREPARATION OF THE SAMPLE 
FOR MEASUREMENT 

O N'E of the princi|)«I rcfiuirvnicnts of the nuliocarlKMi dating 
tcduiique b that the materitl measured contain the origi¬ 
nal carbon atoms present in the sample at the time it died 
Of was dqmsitcd from the exchange rwiervtdr. Thb means, of course, 
that the chemical form in which the carbon is bonded may have real 
bearing on the validity of the result obtained. Chemical experience 
clearly indicates that the covalently bonded molecules which con¬ 
stitute the organic world arc less susceptible of rc|ilacement of the 
carbon atoms by direct exchange than are the Inorganic molecules 
such as the carbonates. One llicrcfore docs not fear particularly the 
pooubility that the carbon in carbonate, bicarbonate, ur carbon 
dioxktc will exchange with the carbon atoms in organic structures 
such as wood or flesh or cloth or charcoal. One <Iocs worry con¬ 
siderably, however, about the possibility that underground waters 
washing over shell would cause an exchange. 

On the other hind, putrefaction and chemical alteration arc pos¬ 
sible with organic ^ems, and one has to wony alxHil whether a 
given sample has been so alteied. Of courK it a obvious that in a 
rich find where materials of various chemical forms exist one has an 
excellent o^xirtunity to test whether alteration has occurred by ob¬ 
serving whether the radiocarbon oges obtained from the various 
chemicals present in the site agree. It is clear that, if agreement is 
found, alteration has not occurred, for St it extremely unlikely that 
shell and wood would be altered to the same degree, the chemical 
reactions involved being so dllTcrent in character. 

If one examines the nature of putrefaction reactions, one obKrvcs 
that, by and large, they involve a degradation of molecular weights, 
'rhat is, large molecular structures ore reduced in sixe, and certain 
structures ire so large as to not b« involved, .^mong these latter, 
charcoal is most important. One does not anticipate that charcoal 
will be altered by any sort of attack of rirganic systems. About all 
42 



I'RKPARATION 


4 $ 

that CAR conceivably hAjipcn In Ih&t it would l>e burned to f^auoui 
carbon monoxide and carbon dioxide and so escape, but it seems 
clear that, if one does find carbonixed material and carefully re¬ 
moves other material from it, alteration in the residual carbon is 
extremely unlikely from a dtvmical and biochemical point of view. 
Materials such as wood, grass, and frozen flesh arc most debatable, 
flowevcr, wood consists largely of very large cellulose molecules, 
and, if one were to take care to separate the smaller molecules from 
wood, it seems very likely that alteration would be definitely ex¬ 
cluded. Likewise similar priKcsaing of fibrous materials such as 
grass would l>e a good precaution. 

In the cjuw of shell material there is no chemical guaranty that the 
material has not been altered. It does appear, however, from results 
of ours on radiocarbon content in ancient shells found together with 
organic matter, and results of Professor Urey on the O’* content of 
the oxygen in the carlronated shells,’ that shells which appear well 
preserved physically have a good chance of being authentic. More 
work is nc^cd on this point, however, and at the present time it is 
difficult to say of any given case whether shells will give reliable re¬ 
sults. We look for evidences of alteration such as a powdery appear¬ 
ance or ehalky consistency. 

Our ex|K:nence on woods and gra.ves and even peat material has 
Ixcn quite favoralile in that we have very few evidences of altera¬ 
tion and some rather striking examples of organic matter such as 
t» «s and leaves which have lain in the ground for over 10,000 years 
and been bathed by the underground waters, which apparently give 
reliable results in that they check with well-preserved pieces of wood 
founri with them and also with the gerreral stratigraphy and chronol¬ 
ogy built up by (he whole set of dates. We are therefore inclined to 
recomntend the materials normally found in about the following 
order: 

1. Charcnal or cfiarmi nrpuiic material such as heavily burned liene 

2. Well-preserved wood 

J. Cnaies, cloth, and pnt 

4. Wdl-prCMr\xd antkr ami similar hairy strurtum 

5. Well-preserved shHI 

1. H. C. Urey. Stitmtr. lOt. 4» (10*8); J. M. SleCrca. J. Chm. M>*., II. S« 
(I9J0);S. KiMldet/ai., flid/,C<dreW».5ar/rtys/daMrita. *1,417 (IV.M)iM.C.Urty 
ti «/.. Mi.MotM Mrty s/Amurit*. *1. JW (1931). 


44 


RADIOCARBON DATING 


We hive hid no experience with bone is such and believe that it 
U a very poor prospect for two rcisons: the carbon content of bone 
U extremely low, being largely in inorjatilc form in a very porous 
structufc; and it is extremely likely to have suffered alteration. It 
is barely conceivable that measurements on bone might reveal that 
some reliability could be obtained. Tlowevor, because the quantities 
required arc so large, and tbore usually are other Bcceplal>Ie ma¬ 
terials asMidatod with a find of bone, it docs not seem to be an 
urgent matter to pursue. 

ft b to be realised of course that our experiences with various 
types of samples must be taken In the light of the actual chemical 
processing we have used in the preparation of the samples for meas¬ 
urement. A description of this process follows.* 

1. The first step in each instance is carefully to examine the sample 
and to separate out as well as possible by physical methods the ma¬ 
terial desired. For example, a piece of wood will usually be dirty and 
is cleaned physically as well as possible, and perhaps the surface re¬ 
moved by sawing or cutting so the danger of contamination is re¬ 
duced. In the case of finely divided charcoal from camp fires, it is 
necessary carefully to remove intrusive rootlets and other matter 
which might introduce modem carbon into the material. It is hoped 
that eventually physical separation methods may be developed to 
the point where rather low carbon-containing soils can be examined. 

2. The physically deaned sample is then tested with hydrochloric 
add solution for csJcium rarlionato which may have been deposited 
in the cracks and internal fissures by underground waters. If any 
effervescence of carbon dioxide is observed on this test, the sample 
then is treated for several hours with about 1 A' hydrochloric acid 
until effervescence ceases, after which it is carefully washed and dried 
in a laboratory oven. This b a particularly important pan of the 
processing and should be conducted with real care. In the case of 
materials containing considerable extraneous matter other than the 
desired organic wbaianccs, the add treatment frequently works to 
purify the sample. Kor example, burned bone b treated with 1-3 X 
hyilrochloric add for 24 or 48 hours until the bone structure is dis¬ 
solved, and the residual carbon, which of course doe* not dissolve 
in acid, b then removed by fillralion. In one <h- two cases cdloidai 

2. R. C. J. K. .VrnoM, aad W. F. Libby, Mtr Sei. /«/.. ii, las (1951). 
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organic substancei formed a& a result of treatment of charred Iwnc, 
and this material was separated by dialysis of the add solution 
which concentrated the colloidal organic material and allowed sepa¬ 
ration and drying and use of this fraction. 

This acid treatment prolialily guarantees to a considerable extent 
against tbo incorporation of putrefaction products in that It would 
luavily weigh against small organic molecules in that they would l)C 
dissolved out as gases or resist the filtration or dialysis steps. 

S. T^iU Kte|i ennsUts of the cnntmlled cnmlmstion of the sample, 
if it is organic in character, to form cariion dioxide, or the addition 
of hydrochloric aciti to evolve carbon dioxide if the sample is shell. 



Figure 6 displays the apparatus in which the present step and sev¬ 
eral of the sub^uent steps in the procedure are conducted. The 
combustion of the sample is carried out in the Vycor tube (^). 
Oxygen from a standard commercial cylinder Is passed over the 
sample at a pressure slightly below 1 atmoq)herc, and the com¬ 
bustion gases are carried through hot copper oxide healed in a 
Vycor tulie by a furnace (B) to complete the oxidation by converting 
carbon monoxide and (wssibly other gases to carbon dioxide. The 
gas stream then is led through a dry-ice trap and Drkritc tube to 
remove residual water. I'ollowing this the gas is led through a coii- 
trolHng stopcock {D) into two succcs«vc liquid nitrogen trajw (O, 
In which the carbon dioxide is condensed. The combustion Is begun 
by setting the flow rate with the control stopcock (i?) while ^r is 
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(Musing through the system such thtt the pressure tn the tr*p system 
is about 10 cm. of mercury with the high vacuum cxh«u.st pump (/) 
full on. Oxygen then is admitted and the flow adjusted through a 
needk valve to maintaio the pressure in the combustion system at 
slightly below 1 atmosphere. The oxidation U begun by igniting the 
sample with a torch applied externally. Some of the early cumhus- 
tions were conducted in an ap|>aratua different from the Vycor 
lube (d).* in which the sample was placed on the lop of a vertically 
traveling screw adjustable in position and the fire started on the lop 
end of the sample and the screw rotated to bring fresh sample into 
the flame tone as combustion proceeded. The whole assembly was 
inclosed in a glass bulb to which the product oxygen was fed and 
from which the product gases were removed continuously. The 
oxygen vra.s introduced with little jets near the flame aone. This ap¬ 
paratus is a 8li(^t modification of a sianrlord aj^ratus used for ash¬ 
ing samples of organic matter for the detection of traces of iodine.* 
The important feature of the device is that only the portion of the 
sample actually burning is heated appreciably and that the hot gases 
do not pass over the unhurned portions of the sample. It was par¬ 
ticularly valunlde in the ctunbustion of flesh and umilar materials. 
However, the bulk of the samples are handled in the Vycor tube (A). 

The amount of material selected for combustion, or acidification 
in the case of shell, is determined by the carbon content of the ma¬ 
terial. U must be such as to yield between 10 and 12 grams of ele¬ 
mentary carbon, which is erjuivalent to some 24 liters of carlion 
dioxide gas. Tn (he ca.se of pure charcoal, of course, 10 or 12 grams 
would be suffiiient. Actually the charcoal is rarely this pure; some¬ 
thing like a half-ounce or more is usually token. In the cose of pure 
shell in which the acidification procedure Is used, some 100 grams is 
the minimum. As a rough rule we suggest that in the ease of mate¬ 
rials of high carbon content at least I ounce per sample (2S grams) 
be submitted and preferably several ounces. If the carbon content is 
doubtful ami no accurate analysis is available, at least a pound or 
more should be collected. 

4 . The material condensed in the trap system at the conduskin 

A R.C. I^.H. Ihwi*. Uiawnityof tliksiS'ftW), 

4. r,. M. Kamik /W. Hot. C*m.. AmI. ». 4. W tlWJ)} H. vu Kulnils ud 
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of a run coiis»u nut only of carbon rlkixidv but also of the oxides 
of nitrogen, sulfur, products of incomplete combustion, and any 
radon that may have been present in the sample. Radon is a noble 
gas of rather high boiling point which is a radioactive disintegration 
product of uranium, the ubiquitous parent of most of the radio¬ 
activity in soils und rocks. This might well follow through the sub¬ 
sequent steps of the procedure and lead to a falsely radioactive final 
product if chemical purification were nut used. The chemical purili* 
cation therefore accomplishes the removal of the hulk of contamina¬ 
tion consisting of oxides of nitrogen and sulfur and ihc trace radio¬ 
chemical contamination by radon. The purification is accomplished 
in the following manner: A l-litcr flask containing 500 cc. of 6 iV 
NII 4 OIIU attached to the stopcock at point E. After the traps have 
been pumped down at liquid nitrogen temperature, the Dewars arc 
removed and the carbon dioxide is evolved, using a flame to speed 
up the process. When the pressure readies 60 cm. of mercury, the 
(rap system is connected to the fla.de. A rapid absorption of the gas 
takes place. The evnlutuin of the gas is continued, and the flask b 
shaken to insure absorption until the traps arc empty. The pressure 
at this point should be about 70 cm. of mercury, and the solution 
should b« quite hot. A second solution consisting of IflO grams of 
CaCh-2H>0 in 180 cc. uf water is heater! near to boiling. The flask 
is removed frt>m the line, and the hot calcium chloride solution b 
added slowly from a separatory funnel. Rapid precipitation of cal¬ 
cium carbonate takes place. It is essential that this stq> be carried 
out in such a way that the final temperature of the combined solu¬ 
tion be higher than 7ff C. Otherwise a flocculcnt, poorly filterable 
precipitate results. The precipitate is filtered and washed free of 
ammonia, the washings being made with dutillcd water. It b then 
removed from (he Buchner funnel used for the filtration and washed 
into a clean 1-liter flask. At thb point all the oxkles have been left 
behind in the form of soluble salts, and the radon has been lost 
either by gaseous evolution or in the aciueous solution. 

Carbon dioxide now is removed from the precipitate, using the 
same system employcrl in the combustion. K stniaralory funnel con¬ 
taining 2.50 cc. of concentrated hydrochloric acid is placed in the 
fla.sk. A second lead U attached to the drying and collection system 
at F. It is important that the tube from the s«|>ara(ory funnel reach 
nearly to the bottom of the fla.sk to prevent the accumulation of acid 
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and uncwn reaction. In the beginning o( this operation the gaa- 
flow rale » set as in the combustion operation. The stnpcnck leading 
to the fUsk is opened, and acid is added at a rate sufficient to keq> 
the prcMuro in the flask slightly below I almruiphctt. 

The gas is dried carefully uid collected In the tra|>s (C) and then 
allowed to evaporate into a system o( 5-litcr bulbs (G), where it is 
stored ready for the rcrluclion stq>. 

5. Kcduction is carried out In an iron lube (//), which is filled 
with alwut 85 grams of magnesium turnings together with 1 gram 
of cadmium powder or turnings as a cataljat. An 8-inch movalile 
electric furnace capable of reaching 1000* C. b placed around the 
tube, ’rhe ends of the tube are sealed with rubber stoppers and 
deKhotinsky wax, and the reduction system evacuated and tested 
for freedom from leaks. 

Carlxm dioxide b now admitted to the lube up to a pressure ap¬ 
proaching I atmosphere and external heat applied with a torch at 
one end of the magnesium filling. When a temperature near the 
melting point of magnesium (660* C.) is reached, the reaction liegins 
rather vkdcntly and produces suflicient heat to maintain itself if 
gas is admitted at a moderate rate from the bullis. The chemical 
reaction involved b 

2Mf + COi-2MgO + C. (24) 

Since the reaction involves no gaseous products, no circulaticm is 
required, and rare must be taken because the heal evolved is so large 
that, unless the inflow of carbon dioxide is controlled, the reaction 
will melt the Iron lube. It b a practice In run in gas from one bulb in 
a cMitrolkd fashion. The carbon dioxide in the storage bulbs b in¬ 
troduced into the reduction chamlicr one bulb at a time until jircs- 
sure b reduced to about 20 cm. of meroury in each. In this way five 
or six liulbs of ffA can lie reacted smoothly before the other end of 
the magnesium filling b reached. To eom|)letc the reduction, the 
remaining gas b condetuKd in the trap U) and may either be ex¬ 
panded into a single IwII) or reacted directly. It b necessary to apply 
external heat using the furnace to start (he fire again after lh» col¬ 
lection uf the residual carixin dioxide In the various liullja. When the 
reaction is complete, no more than 1 or 2 cm. of mercury pressure 
shoukl remain In the manifold system, and the bullis should be com- 
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plctely empty. 'Ilie reduction tube then U allowed to cool, and the 
cArbtm, maitncrium oxide, and ujircactcd magiK-sium arc removed 
from the tube, uaing an iron rod aa a ram. 

6. The material taken from the reduction tulte in placed in a clean 
3>htcr beaker. Sufllcient distilled water is added to dampen, and the 
mixture is allowed to stand IS minutes until the hydrocarbons which 
are formed in btnall yield, presumably by the impurities in the mag¬ 
nesium metal, arc decomposed and evolved. Concentrated hydro¬ 
chloric add then is added as ra{)idly as possihle without bubbling 
over. The proper rate for this is about 25 ce. every 5 minutes. After 
about 100 cc. have been added in the Tirsl 20 minutes, an additional 
700 cc. is added rapidly. It is well to haw a spare .l-liter beaker 
handy in caae of overflow at this point. 

The acid solution is allowed to stand overnight in a hood so the 
fumes evolved are exhausted from the room. It is then placed on a 
hot plate with an asbestos pad over the plate at “high" heat. After 
the acid is brought to a boil, about 1 liter of distilled water is added, 
and the solution brought to a boil and allowed to boll for aliout IS 
minutes. It then is filtered by the insertion of a sintered glass “filter 
stick" made by taking a coarse sintered glass suction funnel and cut* 
ting off the rim normally used to hold the solution in the funnel down 
to the level of the sintered glass plate, scaling a piece of glass tubing 
about 6 inches long on the end of the funnel, and connecting the rub¬ 
ber hose to a good a^irator. This device has the advantage of re¬ 
moving the obnoxious acid solution without mechanical lifting and 
dispersing it in the sewer system immediately after dilution. It also 
has the merit that nu new glass apparatus hss to be brought into the 
process with its consequent danger of introducing conlamination. 

After sucking the black carbon residue dry, 1.5-2 liters of dis¬ 
tilled water are added and the system again brought to a boil anri 
allowed to boil about 15 minutes. The fillratinn step is then repeated, 
and distilled water added iguin and brought to a lioil for the same 
length of time. ^Iiis wasitiiig step is then repeated a third time, at 
which point the wet carbon is transferred to a clean -lOft-cc. beaker 
quant itaiively by washing out with distilled water and finally drying 
roughly by the use of the filter slick. Tt then is placed on the hot 
plate on “low" heat and left there for aliout 4 hours, until moisture 
Just ceases to condense on a cold watch glass. 
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Alter (he drying operation the dry carbon U replaced in the origi¬ 
nal beaker, and about hall a liter ot concentrated hydrochloric add 
is added, and the mixture allowed to stand about 2 hours. It then is 
brought to a boil, and the procets of filtering and washing deacribed 
alwve is repeated. After this the drying operation described above » 
performed again. 

'ITic somi>le then is placed in a clean, weighed, dry bottle with a 
screw ca{>. carefully labeled, and weighed. 

7. The final 5 tq> in the preparation of the sample for measure¬ 
ment cocxsbla of grinding in an agate mortar and pestle to a consist¬ 
ency approaching that of powdcrwl sugar, returning the sample to 
the bottle and mixing it by shaking, after which alwul 0.5 gram are 
rcTTMived. carefully wcighiNl, anrl the percentage ash in the sample 
ik-icrmined by combustion. Cate is taken during this operation to 
expose the samjde to the air for the minimum length of time, to 
keep dgarcUe ashes and other room dust out of it, and not to breathe 
into it cxcewiivcly. The pcrcrnlagc ash Is necessary as a correction 
on the count rate observed, for, of course, the ash reduces the ob¬ 
served spedfie radiuartiviiy. 

A number of precautions arc taken throughout this process. Prob¬ 
ably the most Important of Uiosc U to purchase all the chemicals In 
large eiuantitlcs so that a single successful run with coal in which 
no radiocarbon b ol)ia»ned will validate the purity of considerable 
(|uaittiiics of chemicals. One can then feel free to seek sources other 
than the chcmkals for any contamination that may appear in the 
Muniilc. We have Ikcd singularly fortunate in that to dale we have 
oljservcd no chemical conUmination of any sort. We arc careful to 
use the same glassware that has l)cen UKd in previous runs with coal 
samples and to be extremely cautious that the carbon Is exposed to 
the air a minimum time while cool and dry. In fact, care is taken to 
bottle the carbon or to cover it with acid solutiem quickly after the 
drying period. The carbon i>roduced in this reaction possesses an 
extremely high specific, surface area so that its power to absorb 
vapors is large. Rough measurements hove indicated that it possesses 
something over 200 square mclets of surface per gram on the aver¬ 
age. I’his means that any cnnsideraldc exposure to room air is 
likely to lead to radon altsoqition and contaminsUon. Of course it 
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is almost unnecessary to say that the laboratory in which the 
chemical processing and the sample mounting to be dcscrUx'd later 
arc performed should not eemUin any radinaelivily that i» not 
lightly sealed and protected from accesa to the air. It k good prac¬ 
tice to keep the lalMratory clean of all radioactivities. 

There is a consideral)le mystery remaining al>out the origin of the 
aah in the sample. We ordinarily find it to be less than l(t [kt cent, 
l>ut occasionally for some unknown reason it will np|>ruach 20 per 
cml. We do find that uiiIish tlic material is dried as descril>cd above 
and then rc-extracted with acid, the ash usually is above 2U [x*r cent 
It it further found that a recalcitrant sample with a high aah can be 
successfully reduced in ash content by heating to a dull red heat 
in a quartz or heavy Pyrex test tube which is closed from the air 
with a louse glass-wool plug. The heat Is continued for several hours, 
and acid extraction as described above Is used afterward. 'Iliis ah 
most invariably rctluccs the ash below 10 per cent. A source of worry 
of soma importance exists in the chemical composition of the impuri¬ 
ties which constitute the ash. The corrections a.s ordinarily nuulc as¬ 
sume that it is magnesium oxwle-4n other wonis, that it has the 
same chemical com|M)aition while in the sample as it docs after igni* 
tion. Experience has shown that this method gives results which arc 
acceptalilc in that the same value for the specific activity of a given 
original sample is obtained from two or more portions which have 
Ircen burned, reduced, extracted, ami measured and in which the 
final carbon samples obtained from the several portions have dif¬ 
ferent ash contents. We would therefore suggest Chat the impurity 
is indeed in the form of magnesium oxide which is tightly covered 
with carbon and that the drying and heating qxrations dvscrilwd, 
which arc observed to reduce the ash, essentially crack loose the car¬ 
bon covering from the small magnesium oxkle particlva. It has been 
shown that the ash does indeed consist of magnesium oxide rather 
than of other materials. 

A s|)«dal equipment and chemicals list for the operations de¬ 
scribed in this chapter is given in Appendix A. 
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T he proWcm ot detection and measurement of wc^ly radio¬ 
active substances » a« ancient one around which a con¬ 
siderable lore and artistry have been built. In the ease of 
radiocarbon at the levels existing in nature one needs to use the most 
.sensitive techniques known. On the other hand, It is essential that 
the procedure be as simple and as reliable as possible. There are two 
obvious ways in which to proceed with the problem. One is to meas¬ 
ure the material in the gaseoussute aa either carbon dioxide or meth¬ 
ane, in which the sample being meuurcd constitutes part of the 
gus phase of the detection instrument. It would seem wisest to use a ^ 

proportional type counter operating at as high a pressure of methane 
or carbon dioxide as feasible in which the pulses due to the radio¬ 
carbon beU radUtion were segregated to a certain extent from pulses 
of diRcrenI sue due to extraneous effecu such as cosmic radiation 
and wall contamination in the apparatus. This type of attack was 
not pursued in this research, for calculations indicated that the kc- 
ond ohvioua approadi would be somewhat more sensitive and reli¬ 
able, though it would require somesdial larger samples. This corsisls 
of measuring elementary carbon itself in the solid state. 

The construction of the instrument must be such as to insure the 
maximum ratio of count rate due to the sample to count rate due to 
badground. that is, the cosmic radiation and apfiaratus and labora¬ 
tory contamination. In the first pUce, one immediately chooses a 
Geiger counter as the detection instrument, Mnee it is the only in¬ 
strument which will detect a single thermal energy electron with 
parently 100 |)cr cent efficiency. Tlus establishes It as the most sensi¬ 
tive of all instruments for detection of ionization. Having selected a , 

Geiger counter, which consists in essence of • cylinder with a wire 
down the axis, one seeks to mount the carbon sample In the position j 

which will insure the maxlmtim sample effect to liackground ratio. 

It is dear from the geometry of the Geiger counter that there is only 
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one place to do this, and that is on the wall. It is further clear that 
one must not intcr^wsc between the counter gas ami the sample any 
more solid material than b newwary. Therefore, one builds the 
(leiger counter essentially with the elementary carbon ts the wall of 
the counter. It is fortunate that clementaiy carbon is an electrical 
conductor. 

The next problem one faces in instrument desigri in this problem 
is that of measuring the background without changing the counter 
gas and other critical chararieristica of the instrument. In other 
words, one wants to change the wall of the Geiger counter from one 
material to another without changing the Geiger counter in essence. 
All these things aro accomplished by the instrument known as the 
screen-wall counter,’ an artist’s skctdi of which U shown in l■■jgure 7. 

The essential principle on which this instrument (grates is that 
the roost Important part of the counting act takes place near the 
counter wire, and therefore the only ciKnlial requirement is that 
the field near the wire be undisturbed by dianging the counter wall 
from the carbon sample to bare metal for the l>ackground measure* 
mcnl. This is accomplished by interposing gridwork about halfway 
l>ctwccn the counter wire and the sample cylinder which constitutes 
the counter wall. One then controls the potential on the screen wall. 
It then operates essentially as the wall of an ordinary Geiger counter 
with respect to the wire except that it is extremely porous to radia¬ 
tion. Radiations which miss the screen gridwork structure Itself can 
be recorded, providing they enter the gas at all by the Interposition 
of a small "drag-in" potential which serves to accelerate electrons 
towunl the screen counter structure if they arc formed in the bpa4X- 
between the screen and sample cylinder. Conversely, if one wants to 
restrict the counter volume just to the screen structure, this can be 
done by using a "drag-out” potential, 'llicse potentials are small, of 
the order of 50-100 volts. Figure 8 shows the behavior of the count 
rale for a typical screen-wall counter of the dimensions and construc¬ 
tion used in tliis reficarch, as a funcliwi of the potential between the 
sample cylinder and the screen. We normally operate with 90 volts 
drag In potential in the radiocarbon dating work. It is obvious from 
I'igure 8 that there is nothing critical about Ibis number. 
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there arc two pusitioru, one in which the sample itself constitutes 
the wall of the counter, and the other in which the tare metal of the 
sample cylinder constitutes the wall of the counter. One changes 
from one position to the other simply by lifting the instrument in 
one’s hands and gently shaking until the sample cylirwlcr slides to 
the other end. It is purposely machiited to have freedom of mulinn 
srithout having excessive radial play. The procedure of mea.surement 
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then consists simply in observing the rsto in the two jtositions with 
apfuoprUte frequency of alteration and recording the data. 

The sensitivity of the Instrument to radiocarbon rarliation s best 
estahlished by the use of a sample assayed in an absolute manner 
such as that desciibcd in chapter iii. A sample of radioactive carbon 
dioxide of accurately known specific activity used in the half-life 
determination* was taken, accurately diluted with ordinary carbon 
dioxide, and then reduced and cMvertcd to a standard carbon 
sample in the way described In the preceding chapter. 'ITiis material 
then was mounted and the observed count rate taken under various 
conditions in order to determine the absolute efficiency of the Instru* 
ment (or radiocarbon radiation when observed from elementary car¬ 
bon samples. Several such standard radiocarbon samples were de¬ 
vised, and tests were carried out in four diflcreot screen-wall 
counters. One of the tests was made by using a sample only 1 inch 
in length. Hie standard sample cylinder is 8 inches in length, so the 
l-inch sample was placed in the eight different positions, numbering 
from the end farthest removed from the counter volunm when the 
sample cylinder is in the “background" position. The reasons for 
undertaking this test were primarily to reveal the fraction of the 
radiation which entered the counting volume from the background 
position and the variation of sensitivity at the very end of the sample 
cyliDder. '11)6 data ace given in Table 6. 

These data sliow that the efficiency rises rather rapidly as one 
mows in from the end of the sample, so that only the first 1 inch 
is apprectalily lower In efficiency than the 6 inches of umple In the 
rcntrsl portion, ft Is also dear from these data that some 3-4 per 
cent of the net sample count that would be observed, were not the 
background changed by virtue of the radioactivity of the sample, 
acts to increase the background, 'rhcrcforc, in deducing the figure 
by which wc arc to multiply the observed difference Iwtwccn sample 
and background imsitions to obtain the absolute specific activity of 
the sample, wc must take the cffidenQ^ calculated from the actual 
didcrence between background and sample averaged over the vari¬ 
ous positions. 'Iliis b calculated to be 5.35 ± 0.10 per cent for these 
data. One gram of carbon mounted on the 1-inch-Iong section of the 

i. A. U. SjiRcUMmcir, W. II. lUmiU, M. t>. Inchtun, snd W. T. Libby, /Vw. Kn., 
7S. IIUS(l««0i. 
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timpk cylinder had an absolute disiniegration rate ol 1860 disinte- 
gratioDS per minute. 

Table 7 presents daiA in which a standard sample of the full 8 
grams weight and mounted over the full 8 inches of length of the 
cylinder was placed In four different counters. The al)Soluie cfTicicncy 
calculated on the basis of the observed difference between sample 
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and background is given. This number b used to convert the ob¬ 
served count rates to absolute disintegratirm rates. 

The radiocarbon radiation has a range of some 28 rng 'em*; that 
is, a foil weighing 28 rag^ cm* will just stop the radiation. The ab¬ 
sorption u nearly exponential; the baif-thickness. or thickness nec¬ 
essary to absorb half of the radiation, is about 2.3 mg/cm*. It is 
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clear, therefore, that for our uumple cylinder of 400 cm.* surface area 
(the diameter some 2.7 inches) a layer 2.3 mg/'an* thick or a total 
sample of 0.92 gram of carbon voukl give half of the effect that an 
infinitely thick layer would give. The formula for this is* 

(25) 

where / is the count rate that would have been obtained from a 
utnpic of infinite thickness (of thickness at least equal to the range), 
7 is the intensity observed for the sample of given thickness, and x b 
the ratio of the actual thickneu used to the range of the radiation. 
The validity of this formula has been experimentally established on 
a number of occasioas by carefully mounting radiocarbon samples 
of known thicknesses kss than the range and plotting the count rate 
observed as a function of thickness. It is apparent, however, that 
the formula will be valid only if the sample has uniform thickneu 
over its entire area. Since this is a diflicuit condition to obtain, we 
have chosen to make x so large that the count rate is csxnttally 
equal to the rate for the infinitely thick layer and so to avoid worries 
about roughness of the sample. One can show that, if the sample ap¬ 
pears reasonably smooth to the eye, errors due to the existence of 
rough ifmts will be very small. In general, the thickneu selected has 
Ijcen 20 mg/’em*, or a total sample weight of 8 grams for the 400 cm.* 
area of the sample cylinder. From time to time samples have been 
used which did not amount to 8 grams, the smallest being about 
5 grams. ThcK %xn mounted with amsiderablc care to insure uni¬ 
formity, and then the count rate was corrected by the small factor 
given by Equation (25). It seems possible that one might measure 
samples much smaller than 5 grams by developing a technique of 
luunting the carbon on the brau cylinder in a very reproducible 
and smooth fubion. 

The carbon umple b mounted wi one half of the sample cylinder 
(the sample cylinder b split so that the counting operation can be 
conducted with convenience and the cylinder rvasumbled later). 
The other half of the sample cylinder remains bare. Figure 9 shows 
the equipment used, together with the two halves of the brau sample 
cylinder. As described earlier, the carbon sample in the scrcw-cappcd 

S. W. F. IJUyy. Ani. Ckm.. i*. 2 (IHt) 
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liottle is I'rouiKl c&rcfully in a morur and pestle, About 8.5 
jtrATu unriffhcd out in a buAkcr, Ami some 5(1 -55 cc. of distilled witcr 
added. 'Ilu: mixture then is stirred and water added until a consist¬ 
ency like A very thin mush is obtained. One then places a clean white 
glove on hts left hand (if he is right-handed) and, holding the beaker 
artd the sample cylinder in his left hand in such a way that tha con¬ 
tents con run from the beaker into the sample cylinder, elevates it 
toward A light such os on o|)en window so that he con obKrvc the 
sample flow from the beaker Into the c>ijndcr and also snvpc out the 
remnants with n lung glass rod. He then replaces the beaker on the 
tolile and with the gloss rod smooths the sample while rotating the 
cylinder with his left hand. He then takes the spatula and scrapes 
out the residual carbon left in the beaker (usually something around 
0.5 gram of carixiri is left cither in (he beaker or on the rod) and 
smooths thu onto the surface also. Tn (he early work we used about 
20 cc. of 0.15 per cent agar solution to increase the adherence of the 
sample to the wall. It was found, however, that this was unnecessary 
proving one was careful not to bump or bong the instrument, and 
this potential source of contamination was thereby avoided. Alter 
(he wet carbon sample is smoothed on the cylinder, it is placed on a 
dean piece of checsedoth on the table and an ordinary hair-dryer 
used In blow hot air through it for about 10 minutes. This removes 
suflident water to set the sample on the blinder and yet does not 
dry the sample completely. It is important that the sample not be 
dried too long with the hot-air stream for two reasons. The first is 
that sir contains radon, and the sample, if dried, will be extremely 
Misrcfdible to contamination by absorption of the radon and other 
{xissilJe rarllooctivities in the air. The carbon oamplcs have large 
surface areas |>er gram (of (he order of 200 square meters), 'llte mc> 
ond reason is that the worm sir has an oxUlstive action on the brass 
when the metal gets warm and causes leaching of the zinc out of the 
brass into the absorlsent-earboii sample, so (hat the ash rises to tin- 
rea-vioablc values. 

.After the rlrying to the Ktling stage, the two halves of the sample 
c>’linder ore placed together, sometimes fostersed with a small piece 
of .‘koteh ta|K* if they do not fit snugly, and the sample cylinder 
plseetl in the counter pru|)er. The counter cap is then placed on and 
the counter sealed ckMed with deKhotinsky wax. The counter then 
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U placed on a aUnilard vacuum line with two liquid niirnf'vn traps 
in series, the first of which has had the internal lube removed so 
blocking by the ice condensed docs not occur readily, and the system 
allowed to pump for alxHit 24 hours, the nitrogen in the tra]n being 
renewed from time to time. At the end of this pumping i>criod the 
pressure in the line as registered by a Pirani gauge plai-vd l»ctwcen 
the counter and the first tra|> will read in the micron range. It is Im* 
imrtant to remove water to this degree, for, if it is not done, the water 
absorbed on the umple will slowdy evolve anti change the operating 
voltage of the counter during tire measurement period. After pump¬ 
ing, 0.5 cm. of ethylene is added. The ethylene is purlRcd by re* 
peated condensation in a liquid nitrogen trap, pumping on the solid, 
re-evaporatJon, rccondcnsation, etc., until the vacuum obtained 
while pumping on the frosen ethylene rapidly aj>pruaches a few 
mteroos. Alter the ethylene is introduced, 10 cm. of argon from a 
standard commercial cylinder of pure argon is added. The counter 
then is allowed tn stand for 2 or 5 hours for mixing, and the wltagc 
measured at which pulses of 6 volts height arc obtained. One can 
run the plateau at this stage, but it is soon found that the plateau 
characteristics arc very reproducible, and this slq> usually is not 
taken. The appearance of the pulses on an oscilluscopr is oliMTved 
with care. 'I'hc oscilloscope is connected so the true pulse shape is 
shown rather than the first time derivative. This is acccunplished by 
connecting the wall of the counter to ground through a resistor, the 
ixitential drop across which is fed to the oscilloscope. Choice of the 
prv^r resistor Insures that the time constant of the oscilloscope cir¬ 
cuit is short enough to afford faithful pulse rq>ro(luctiuii. It is par¬ 
ticularly important to examine the pulses for multiplicity. The oc¬ 
currence ol multiple pulses is undesirable nut unly Itecaiise it is evi¬ 
dence of impro|}CT gus roiii]>osition but primarily ]H>cause the can¬ 
cellation uf meson ciounts by the anticoincidence shielding counters 
will nut occur for multiple pulses. The first component of the 
multiple pulses is canceled, but the following pulses occur later 
and are not canceled. This means, of course, that the Wkground 
rate is observed to rise when impurities Mich as air or water vapor are 
introduced into the counter gas. The instrument at this stage is 
ready for placing in the shield and the beginning of the measure¬ 
ment run. 
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The counter ron»lnictioii b shown in Figure 7. Standard blue- 
pHntt ran Iw obtained from the author on request. The matcriaU 
used in the coiutructkMi of the counter, and also the shield described 
later, arc given in .’Vppendix B, together with the suppliers we have 
used, lire gridwuric is constructed by stringing wires l>clwern lucitc 
header dbks anti (he whole assembly Is supported on a post, silver- 
soldered to one of the two and caps. Lead-free brass tubing U used 
both (or the material of the cylinder ease and the other brau parts and 
for the sample cylinder. 'Ibis precaution b taken to avoid radio- 
active contamination. The cylinder wall is made as thin as con¬ 
venient in order to improve th; eflicicncy of the anticoincidence 
shielding dcKribed later. A glass stopcock is fastened by deKhotin- 
sky wax to the outlet shown, and thb wax is used for all the other 
closures also. We have constructed one or two instruments with 
rubber gasket seals at the ends, but in most of the counters we have 
used wax seals. 

*rhc dcKhoUnsky wax used b made by cooking together approxi¬ 
mately equal parts of Georgia pine tar and orange shellac. The mix¬ 
ture bmdtcd, heated, and stirred continuously for about iO minutes, 
care being taken not to char. Thb wax b particularly strong and 
has proved eminently satisfactory. It bapplied with an air-gas torch. 
One should not use an oxygen torch because charring of the wax will 
be likdy. It Is difTicuIt to obtain vacuum-tight seals when the wax 
U charred. The parts to be sealed are heated above the softening 
point of the wax and the wax applied by touching to the hot metal 
or glass. One can also heat the wax stick briefly (the wax ia poured 
from the cooking pot onto metal (oils which are then rolled to moke 
sticks alxiul 6 inchi's tong and } inch in diameter) directly and let it 
dri}) unto the h«>t metal. The counter b then rotated so that a smooth 
and uniform layer of wax ia obtained, and the seal is cooled by 
blowing air on It. Our experience has been that vacuum-tight scab 
can be ol)taincd easily in this manner, and the only difficulty en- 
countcrod in the use of the inslniment so far as vacuum u con¬ 
cerned is that one occasionally breaks the wax seal by bumping the 
sample cylinder too vigorously against the end caps. Thb, however, 
is uodcriralitc from the |)olnt of view of dislodging the sample itself 
and should be avoided. 

The principal task in the measurement of extremely small 
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amounU of rAdioactivity remiuning after one haa auppited a aufli- 
ciently sensitive counter is the reduction of the extraneous back¬ 
ground count rate due to cosmic radiation an<! the ubiquitous radio¬ 
active products of uranium and thorium which exist in all labora¬ 
tories in such amounts u to give very appreciable count rates. The 
latter component of the background is best removed by selecting 
solid material whidi is free of uranium and thorium and of its dis¬ 
integration products such as radon. Consideration of this problem, 
together with the problem of cost, has led us to IkHcvc that steel 
should be an excellent material for a low-level counter shield. It is 
reasonably inexpensive and from the metallurgical processing in¬ 
volved in its manufacture should be relatively free of the highly 
dectropoaitivo dements which constitute the most Krious radio¬ 
active contaminates. It is reasoned that elements such as uranium, 
thorium, and radium will be removed by the slagging openliun. We 
do not believe that lead is particularly desirable from either the cost 
or the cleanliness iioint of view, and tests have confirmed the sus|>i- 
cion of radioactive contamination in lead as ordinarily purchased. 
We have constructed the shidd as shown in Hgure 10. of hot rolled 
steel plate, S inches thick. Two types have been built, in one of 
which the door Is closed by the hydraulic jack shown, and another 
in which the door is bisected and opened with a cantilever arrange¬ 
ment by hand. 

The background rate for the unshielded screen-wall counter is in 
the vicinity of 500 counts |jer minute. Placing the instrument in the 
shield with 8 inches of iron in all directions reduces this to 100 
counts per minute. If instead of the 8-inch shidd one uses a shield 
with 4-inch walls outside of which 2 inches of lead arc |>laccd, the 
background is 120 counts per minute, llin residual background is 
very large due to the cotmic-ray mesons wh<tfc penetrating power 
is very great. It would be removed only by very great thick¬ 
nesses of shield materia]. The device used to diminate this com¬ 
ponent of the background conrists of surrounding the screen-wall 
counter with a complete layer of Geiger counters 18 inches in 
length, 2 inches in diameter, which arc in tangential contact and are 
placed as shown in I'lgurc 11. ITiis is an cntl-on view of the assembly 
in place with the door of the shield ojwn. WTien the shielding coun¬ 
ters fire, the central screen-wall counter Is inactivated for a small 
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friction of i Kcond. 'fliis means that the mcion radiation is thereby 
eliminated from the record. The aggregate count rate of the eleven 
shield counters is about ttOO per minute, and the ranccllation time 
U of the order of 10~* seertnds, so the screen-wall counter is in- 
activsicd for about 1 por cent of the time. This ii so small u to be 
negligible, and we can conclude therefore that the sensitivity of the 



af^iaratus to the radiocarbon radiation from the sample is not appre¬ 
ciably reduced by the use of the ibiclding counter area, llie use of 
the shielding counters reduces the badeground to 5 counts per min* 
ute. The smaller shield mentioned aliovc with 4-inch thick iron and 
2*iiKh lead exterior gives 7 counts per minute. With these rates It is 
now possible to measure the radiocarbon radiation to about 2 per 
mit error in 4d houn. .Modem wood gives 6.7 counts al>ove the back¬ 
ground, so that one oliscrvcs a rite of 11.7 with thccirlxm simple in 
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plicc and a rate of 5 counts per minute with the bare cylinder in 
place. The anticoinckicncc shielding counters arc 18 inches long, 
thereby considerably overhanging the scniutivc volume of the screen 
wall, which Is ft inches in length. We therefore have nnt placed a 
layer of shielding counters at either end of the assembly. It is clear, 
of course, that this would reduce the background further, but the 



Klo. II.—Cnialm tn ihield (door n|Mii) 


extra mechanical difficulties invedved in changing the sample cylin¬ 
der and the small advantages to be gained by further lowering of 
the background have prevented our doing so. The shielding counters 
used are standard brass-wall cosmic^ray countera sold by commer¬ 
cial suppliers. 

'rhe operation of the screen-wall counter in the muniier descrilied 
for the measurement of radiocarbun in the agc-nicASiirement pro- 
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gnun involves scvcrsl sorts of dilTicultics, one of wliich is major Aiiti 
which (kserves qiccial mention. Counters which have accidentally 
been connected incorrectly so that the leads from the screen wall and 
the counter wire arc interchanged, and have l>ccn maintained in this 
rortditinn for Mime time, havea tendency to show spurious counts for 
some time thereafter. It seems that the only way in which this can 
be cured, other than by allowing the instrument to stand for weeks, 
is to replace the lucite insulaton. This point, however, is not cum- 
pletHy settled; it is merely known that this accomplishes the results. 
A iumilar effect may lie produced by erroneous application of execs' 
sive potentials so that the counter goes into essentially continuous 
discharge. One should take care to have a connector plug connecting 
the counter leads to the amplifier and recording njifiaraius such that 
thb error is not possible. 

Any good quenching vapor is satisfactory for the screen-wall 
counter as far as counting characteristics are concerned, but a con- 
skicration of some subtility is Involved which leads one to select 
ethylene. In our case, where the sample of carbon is very finely 
divided and possesses a very high absorptive ])owcr for condensible 
vapors such as ethanol, the amount of quenching gas alisorbrd may 
be such as appreciably to olTect the fraction of the radiation which 
escapes the sam]ilc arid reaches the counter gas volume. In the case 
of ethyl alcohol our eipericncc has been that as much as 1 gram was 
alisorhed <m our standard fl-gram umplc. This, of course, in addi* 
lion to absorbing the radiation, may introduce radiation itself, dc- 
[lending on whether the ethanol is grain alcohol or sjmthetic. The 
cariy measurements were made with ethyl alculiol. and the correc¬ 
tions for the ^cific activity of the ethyl alcohol and its alisurptive 
Bction on the radiations from the rarlxm sample computed. The re¬ 
sults were acce|)lable, but an additional error was introduced. Kor 
these reasons a quenching gas of lower Ixiiling point was sought, and 
ethylene* has proved to be completely satisfactor)* in all respects. .As 
mentioned above, the standard hUing isO..A cm. of mercury pressure 
of ethylene ami 10 cm. of mercury pressure of argmi. 

We have not foum] it neceiwar)' to (lurify the commercial argon 
but have taken the precaution of bu)'ing large 200-cubic-foot cylin¬ 
ders so that satisfacioiy* ofKration is guaranteed for an extended 

-i. K. It. i>{'<i«an,and K.L. HukIws I’hft. Ktr.. 74.-fS) flVISi, 
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period If a good cylinder is obtained. It has Ihth our experience 
that the argon available on the commercial market is sulTiciently 
pure. 

Interesting effects arise if the counter happens to develop a leak, 
llie introduction of air to the counter gas adds to the normal single 
sharp pulses a group of smaller pulses following the original one after 
a delay of several hundred microseconds, lliis may Ik suRidcntly 
long to extend beyond (he cancellation |»iTi(xi given by the anti¬ 
coincidence shielding counters, so that a pulse which would nor¬ 
mally have been canceled from the record registers. One therefore 
observes a rise in background count together with a rise in the coun¬ 
ter voltage and, at appreciable air contaminations, a dccrcoK in the 
(lifTerence iKtwcen the sample and itackgruund counts. This de¬ 
crease is apparently due to inefliciency in the counter action caused 
by the presence of the air; presumably the oxygen in the air is the 
active agent, 'ilic decrease probably arises in the volume l>etwoen 
the screen and wall, where the collecting field is lowest. 

A further effect of some importance to routine operation exists in 
the temperature (k'|>cndei)ce of the ofterating voltage of the counter. 
It is found that a temperature variation of 10^ I*, will cause 10 or 
20 volts change in the counter voltage. This may be due to the tem¬ 
perature dependence of the absorption of ethylene on the highly ab¬ 
sorptive carbon sample. It means that one should take care to in¬ 
sure that the room temperature docs not vary by more than 5* F. 
during long operating iieriods when the rale is not being recorded. 

It has been our practice to change the sample cylinder from one 
position to the other every few hours during the day and to allow 
it to run during an 8* or 10>bour period overnight, arranging the 
schedule so that the total time spent counting the sample and the 
l>ackgrDund will be prqwrtional to the square roots of the rates in 
the two positions. This, for example, means (hat for a measurement 
of modem wotkI. where the l)arkgrouml rale is alwut half the rate in 
the sample position, 60 per cent of the time is spent measuring the 
sample and 40 per cent measuring the background. In addition, of 
course, the Iwckgruund count from run to run should check nearly 
^thin the statistical error uf the counts. One is tempted to cross- 
average the background muiits and thereby to letlute (he time neces¬ 
sary to measure. We have never dune so, however, fur it has lavn nb- 
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served that changes in the operating characteristics of the shielding 
couDten may occur which will alTcct both the background and the 
sample rale in the same sray and not invalidate the difference, 
though it might cause as much as a half-count i>er minute change in 
Imth rates. 

The final cleaning of the aamplc cylinder before use in the first in¬ 
stance consists in washing in 50 per cent nitric acid, rinsing carefully 
with dltUlkd water, and drying. We have observed that cylinder! 
prepared in this way of lead-free brass tul)ing have never given a 
negative count rate Iwyimd the statistical error when used on car- 
Ixm derived from coal or oil. They would be expcctcrl to register 
negatively If the aampic cylinders were contaminated, the point be* 
ing that the inert cartwn would absorb radiation from the brass. In 
addition, we have foumi .\rmcu iron and pure cu(i]icr sam|>lc cylin¬ 
ders to give the same a)unl rale as the Heajied bras* cylinders, Wo 
therefore believe that not over 0.1 or 0.2 count jwr minute of con¬ 
tamination exists on our set of sample cylinders and that it Is pos¬ 
sible to use Armco iron and pure copper as well as lead-free brass. 

'Iltc statistical error of the count is taken as the square root of the 
total number of counts divided by the numlicr of minutes during 
whidi they occurred. This gives the standard dcvialirHi a measure 
of erriir 1.5 limes (he profralile error, and all nf our rcstdis are 
quoted with this standard error derived solely from the count rate 
indicated. It has been interesting to ol»ervc that the scatter of re¬ 
peated runs on dilTcrcnt portions of a given sample and on recounts 
of a .ungle iwrtion of a given sample seems not to exceed the error 
due to the counting alone by any considerable factor. We therefore 
are inclined to f*elicve that the use of longer counting periods would 
result In ermrs almost inversely prn|mrlionai to the square root of 
the factor by which the counting time is increased. For example, if 
our present 48-hour counting interval, which gives us an error of 
± 20U years for a MRiplc of a certain age, should be increased by a 
factor of 4, we might Iw justified in assigning a ± 100->’ear error. 
Only further ca»ful investigation ran test this point anri fully 
establish it. It docs, how«\’er. seem likely that counting for periods 
even u long os a rnonth with the consequent smaller errors might be 
worth while. 
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r' I ~^IIK dates obUiiicd prior to the fall of 1951 by the nuHo- 
I carbon technique are listed below. The number of runs » 
indicated by the numlter of dates listed. These runs were 
completely indqwndont, involving squrato portions of the original 
sample from which the carbon had been cxtractcci indqiendcntly, 
unless the dates are linked together with a brace. In this caw, the 
results are those obtained by remeaaiiremcnt of a given samidc, 
usually in a different counter, and frequently involving rc^xtrarlion 
of the sample with acid. 'I'he slanrtard counting time for a given 
run has been limited to 48 hours in order to accommodate the num* 
ber of samples rvcccssary to the over*all check of the method, which 
was the main purpose of this research, 'fhe errors gis’cn are standard 
deviations, comisting solely of the error of counting random events. 

The archeological and geological signifirance of these o'sulls have 
lieen or will be discussed by the donors of the samples, rollaliorators, 
and the advisory committee in articles in appro(>riate journals.* We 
wish to express our gratitude to Frederick Johnson, Donald Collier, 
Richard Foster Flint, and Froelich Rainey, the members of the 
Committee on Carbon 14 of the American Anthropological Associa¬ 
tion and the Geological Society of America, for their Indispensable 
direction and assistance throughout this research. 

The numbering of the samples and the names we haw used (which 
appear in parentheses when two names arc given) arc entirely our 
own and not those of the donors or collaborators. In many instances 
more approjiriale names a-ssigned by Mr. Johnson arc given before 
the parentheses. The records on the samples arc so extensive and so 
intimately tied to the sample names as well as to the numliers that 
we feel obliged to include our name as well as the number, though 
it may be misleading in many cases. The carbon for each of the 
samples listed is on file an<l available for check measurements, to* 
gethur in many instances with portions of the original materials. 

* Srr, <■.(., OMlng, aarmljlnJ I'ndwirli Jcihimni (u« 

Aawricait .Xrdutxiaig)- Mmotr,*' Xo. S [July, 
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I. MESOPOTAMIA AND WESTERN ASIA 

ttUitUntItn: K. ]. B>aidwfo«>, T. JaOOBBZm 
Riciuko a. Pakkxk, AMD Saul Wkimbsiic) 


A. Eoypt 

Ouf 

Va. Sample 

I ZoMt*: AcacU Axwd beam in oalknt iltlc of pfcaem. 
tinn (mn tnnli of Zowr at Sakkafa. Known aft 
4A.V) ± 7.1 ynrt octorrlsnx lo Jtihii Wikam. SulimiltefI 
by AmbroM Lansing, Mctrcpnliian Muvum. 

12 Sm/irm: Cypm* Imcq fnm tomb vf Snefcni at May* 
itum Knmma|ge4175l7Sacnin]inKluJolinWibMi. 
SubnuUud byFioclich Rainry. Univmnlyal P«ui 
(ylvaitia Muaeum. 

81 Wood from deck «f functary jlilp from tomb 

of Sctualria III. Known a(c 3750 according to John 
Witmn. Suhmitltd 1^ Culoocl C. C. Gr<n< Chicago 
Naiunl Hbtory Mumun. 

A2 Ptriemy: WnnrI (mm mummilorm colTin from Egyptian 
Ptolmak |>eriod. Known age 3280 according to John 
WilaoQ. Submitted by John WOwn and Wataon 
Boyei, Orkmu] Inctilutc, Univenityof Chicago. 

267 //(Mabi.-Slabofwoo(ifroinroofhcaiaofiombo(Vixirr 
Hamaka, oontemporanooua with King Udimu, FIm 
Oynoaly, at Sakkara. AcC()>l(d ago 4700-.1100 ac* 
cording to R. J. Jtmiclwonri. Samfile submitted by 
W. 6. Emery, % Briiiih Emhany, Cairo. 

4A3 iii4ik Prtdymulk {PndymjtU) -. CtuMConJ (mm iKiinl 
“A-IS" of the house flonw {JmU$ it rokancr) at El 
Ocnati iwai Cairo, Egy])L A typologkal assessment of 
the pmJliun of M Omari would be os. mklway bc« 
twttti the time of the Upper K|>itBuflheFayiim(NuA. 
457.550, and 551) and Hrmtkt (Nn. 367). Submit Ini 
by Fcrnawl de Bono, Service des Aniiquit^s dc 
I'Egyidr, Caiiu. 

457 f uyuM A (Vptcf A‘): \\')Kat and barley train unaclMD< 
lani withnupmrrmtivH added, fronU|i|>crK Pit 13 
of the Kayum A malrrial as docribnl in Tkt Desert 
Paynm by (iertrwtc Caton-Thonpaan. Sulmtltnl by 
MteCaton-ThomptnnofCanhnrigiiand Mis. Elne 
Baumgand of the Museum of the University of 
Alanchntcr. 

. 1.10 Fuyirai.l (f'y^vA*): Wheal tndlnrlrygroinfrom Up- 

aml |irr K til .19, Jar 3. and aitother of the U|>f>er K |nts 

.151 (nuntiwr kiU} u( llie Fayum A malrrial as descrilNii 


Aga (Yuan) 
3d99±770 
42341600 
3991ISUO 
.It. J9T91J10 

47211.100 

41861500 

&S»1500 

48171240 

Af. 

38451400 
3407 1 500 
3642 1 310 
At. Mil ± liO 
21901450 


(4803 1 260 
U961i:240 
Af.4it)±iOO 


52561330 


(60541330 

Ul36l320 

At.60fS±iS0 


AWI1180 
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U«ir 

No, Stfn)4c 

in The Daert Fayum. Submitlnl Ity Miw Cainii* 
Thofopton and Mrs. Elisc Bturagartcl of ihe Muse¬ 
um d the Univrnlty of Miochestcr. 

B. Tuukby 

115 Alhhar III (/Ifishsr): Wood from the fouwlaiinii crib- 
bine for a fortification wait in Square 0-10 in k-«vb 
aaaifcncd to l‘«r»d III, “Early BmnM Axe,*’ in the 
nMwnilal AInbar Huyuli by Ihencavalnr, H. H. vein 
Her Oaten. Kefarenca; “Ocienlal InatituU' I'ublica- 
liana,*' XXVllI, 2(K^10; Pixure 307. Suimiltnl by 
R J. Bmidwood, Oriental iRstilutr, Univenity of 
Chkaxe 

1A9 tUitktr Ckalftitlhk; Wood from Lewi 14 in the centml 
defHh cut Square L-U, Albhar Huyuh. The cx- 
cavaton counted Lewis J9 thtouxh 13 m “Chal- 
coblhic.'' Reference: ‘‘Oriental Inatilule Publica¬ 
tions,*' Vol. XXVllI. Snbmitinl liy R. J. Hraidwiinil, 
Oriental liMilutc, University of Chinxo. 

C. Iraq 

115 Janma: l^il-Hiuail abelhi fairly well jiremvul from the 
basal Levds 7 and ft at Jarmo. Earliest villax*.' mate¬ 
rial hi western Asia. The baaal kvcb arc precenmic. 
Excavated and lubmittcd by R. J. Braidwooil-Orkm- 
lal Inatilule, Uniwisity of Chicago. 

D. SVRU 

72 TayitM: Wood from the floor of a centrai room (l-J— 
Isl) in a large Hilant C'|iulMc") of the “Syro-Hiuilc'' 
period in the city of Tayinat in northu'n.t Syria. 
Known age 2ih}5± 50 yearsaeeorriinx toR. J. Braid- 
wood. Sulmittod by R. J. Braldwood, Oriental Insti- 
Uitv, Uniwraity of Chicago. 

E. Iran 

492 Ml Coff (Glar-i-A'oJM/ioMd): Five rnOcs west of Beh- 

S47 shahr at the touthtAsL corner of the Caqiian Sea; 

.52.5 siraiifieci culiural ilqiuait 4.0S meters thick cunlain- 

.574 ing from, boilotn to top. Mesdithk, t^r Mcnolilhir, 

534 Neolithic, Late NeotUhtc, and Bronze Age materids. 

494 The samples were burned bone which were treated by 

495 dissolvinginhydrochk»ricacid(ose|aratcdiecbarecd 

S2J carbon, which was measured. This material was cd- 

lected and submittnl by C^arlcton S. Coon, Univer¬ 
sity of Pennsylvania Muwvm. Five samples wen.- 
muisutvd: 
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.WeVean) 


5A50.t3S(> 

2 fl 3 . 5 ± 5 S(> 


451912511 


67071330 


2696 1 370 
264K1270 
23.391270 
Ar.ZiSliliQ 
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Vn. Suh4c .\*c(Vwi} 

4V2 Uiwnt Kny soil vrilh Mmililhic iirlif4ict> J.OH }IO(Ul4tS 

oml to 4(K mrtcn (Lcvvl> 21-28). 

547 

525 Su)i|in««ifly from the unw kvcia u No. 574. 11IJO t JOO 

Cummnil: locikii ininniw or alleml. } I2tt) t4jn 

.574 /•■inrci>ntiiim>vutif>crMnolUhlc)irtifMt>,l .2.5 8545iSOO 

to 2.15 meten (Ikv (f<4yvn 15 tnH 16). 

524 MvKililhk-MroIilhk Innition at l.2S>’l.40 10.5(4)^610 

meters (Ltycr 1(1). 

4M, ZiHirCiHiUiiiintt flint lilulnuul iMiCIrryshi'nls NDM^TTO 

495, tif Nrolithic ty|ir. 

awl 

525 

!■'. PAtSSTlNB 

576 Bitk: iHad St« louUi. Book of ItiialL Linen wre|>> 19>7±200 

p«iC»usc<t. FvunH in ci\t imr Ain Fashkha in Pales- 
liov by Pore de Vauc (OP) luxlet suiivrriMui by U. 

I^nkntrr Hnniing, curstor of Dqiortinnit of An- 
(MfiUh's of the Jordan (ktvemmcnL Tluvight to be 
ftrsinrKCotwl century b.c. Broufht lor test b)' Janxs 
L Kelm at sunmlkn) of Ovid R. Setters amt with 
IcnaMMun of Mr. HardiiiK. SulmUtvd directly by 
C. H. Knu-litiK, Orimtal Institate. UnixTrstty of Chi- 
own. 

II. WKSTKRN KUROI'E 

(PfiKriptl rWfdkMrm.' I!. L Min’ifx. R. S. l)iK\itv, Jh., akd R. P. Puvr) 

A. pRANUt 

406 lemai.'Charcml from tbc Lnsaux caw near Muo- 15.516*900 
ttRnac northnut uf Lea Ryiirs in the Durdufcnr. Tbk 
ctw ksH (hr n.-nMrkalilr launtinKi. The chamsii was 
lafcm fnim the* mviwiinn kvH in the northwmem 
tioniiin uf iIm' enw liy Althf II. Brwit am) M. Srverin 
Blanc In 1949, Suijmillnl by M. I. Muvius, Ifiirwnl 
Uniwtsily. 

577 Fmiwr: Materia) fnim a lair t'tipi'r Paleolithic (MaR- 1I,I0V14M> 

dakitian) i>ccu]iatiun layer wverUia by 1.5-2.0 meten 
of rock fall. Colkcted in and aromul a hearth which 
mrasurcil 60 cm. in diameter and II) cm. in Ihirfcnrm 
at the rvnirr. Fminil at Li (iairnae. St.-Marcel (ln> 
ilrv), Prance. Thb sample coiutetcd of ISO!) frams of 
Iwmcil bone from vhidi sufEcknt orRank nsatertal 
was iilitaiaisi !•>' acki clMnhilkia of ihi* Imhit. Sub- 
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U«r 

Nil. iMin|ilr 

miltcfl by Dr. J. Aliitiii. JU. Awnuc 'nwlMMcM)ub> 
Urdac. N<vvy>Si.>Si)ii}khrr (Imlfr), Pran<r,lhr<>«iich 
It. L ifmius, IbrvAnI Univertiil)'. 

A7K lffant< II: Same as No. S77, nccftl that It cunaislol 
ol an ashy nuteful with saiMi, dtafcml. ami ImriMil 
bona. 

S79 Fnnte III: Same as Noa. S77 and 578, «cvi>l fiiUDil 
tiutakk' (ht- bfurlh hut in same huriaun. Uuriiol laini*. 

5M Lakt B«KrtH: Lake Bouritet wood ami |ieat Mim}:kii 
ukcfl alunc tuml between Chamb^ry and (IretHibk In 
southcaatem Prance. Shouhl be ioteridacial or inter* 
stmlial. 'Hiis aam{>lr was wual (nan 3 inchm aIhjw 
liawol lawelM, (hr lowest liitnilc twi in lliersianurr 
betsfccn La Flachcrc and Bruss^ (Isiir). l)iv 
nnr'sSamiik 1. Submitted by H. L Movias. Haninl 
Univtnuly. 

StfS Grww Wood (rrnn (lent bed in Dranse N'alley east of 
(ivne\’a am] south o( Lake Ccon-a in France rather 
than Switscriaml. SulwDillcd hy H. L hliniuK, Har¬ 
vard Univenity. 

B. Gkkmady 

AI7 CtrauM AUrflJ: Pntt with hirch rerooina from l*ollen 
/one Ilh, (he y<»i«Ker Aller&l, (nan Wallnisen ini 
HiLs, northweMern (•ermany. Sulanittnl fay P. I'V- 
has, CAttiiucen. 

4.V) CrtHt llMiMMl Fml (Oprrieck Peal) : Pnl (Ciena llnri- 
xant) (rum an aecumtdy dated (2SOO 27flO yi-nra) 
dry |i«riod extending throutdwut nwthem Kuro|>e 
ami aauciatetl with arebroluKicaJ mnaina. Thia sam¬ 
ple was taken carefully (mm 0 to 2 on. Iicinvr ihr dry 
bosixon at Melbaeb, Germany. SulimitteH liy F. 
Overbeefc, Uruwesity of Bonn. 

44V CrtHs UprShtm Pt<u (0wr4rrk Taf): Pint (mm t1 tu 2 
cm. above the dry borisoo described In No. 450. Suh- 
milled tiy P. Crvi-rircck, Univenity nf Ifamn. 

C. I>£NttAUt 

4.t3 Ihutitk Borruf (OuwuA Berraif //); Pine Cones from IK'D* 
mark (Brrland, Aamuseni Ugaonle-K, PO IMV). 
They are (rum Polleii Zone V thought to be 8500 
years old. SulMnitterl liy J. Truels Smith, KatsuMl 
htuscuiD, CoiKnhagm. 

453 Aiafrk Bertot (Bormf IV)\ llaselnuU (rum Dviunark 
(Seeland, Aamoacn; Kll^ipMird-K, Ul. Hmtw I). 
'Phe nuts are from one single summer dwcHIng, Ire* 
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1.5,H47tl200 

l2,‘W64.Vill 
Al knsi 2l,tll» 

At knsi 19,000 

ll,OI4k.S0U 

(I440t2.t0 
M4S2t29n 
/is. iMtinet 

imiii.t 

T.VU^.tW) 

(9V3Si44» 
(9927 «MI) 
dr. W/±310 
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Oar 

N<i. 

(o ilu- late bor^ Palki) Zonv VI, 
tboBKhi to be aliout 8000 yean oM. SobiMitteH by J. 
Tmeb-Smhh, Nalbrul Mumwbi, CayicnliaicHi. 

i.Vt /1 <hM Rarraf (i9aeMCharcoal from the 
Miwr suRiintr buoM a» No. 4Ji. E«{>ecteil aige alHwi 
8000 yean. Sulmitlinl iiy J. Trnett^miih, National 
Muicum, ('flpmhaicm. 

4.Vi Atiii«4 /Wall (fhuuJi U»tue)'. Birchaonl fretn the 
•eunr arm a« N'ea. 4.U and 4i4. From Ifouae 2. Proh* 
ably a few yean yoanfcr than lloutc I. Salimitted liy 
J, Trocls-Smhh. Comment: Scerat to agree with No. 
45.) ami iwailbly No. 454, giving a general luvaji uf 
94791 280 yean. 

D. Ikkland 

J.W Irttk Sarn»7 (Aamal //): Peat from CiomaM. County 
Offaly, IreUml. Late fioreal Zone VIr. Slmuhl Iv 
later than bankh Nu. 412 and mrtwr than Knglhdi 
No. 545. DonnrV Sain|ile l-i). Subfflittcrl by C. F. 
Mitrhell. Trinity Colk^, Dublin. 

55.t Iritk Ified; Lake mail from Knoeknacran, County 
Mnngghan. Inland. Late GUdal, PoUen Zrmr II. 
Doour’s Sajii|>)e I*A. Submilteii O. F. Mtidiell, 
Triaity CoHege, Dultlin. 

55A Iritk PuriiferAtf; Lake mad. Lagun.*, County Meath. 
Early Pwtglacial, Zone IV. Dunor'i Saimtlr 1-H. 
Sulmtitleil liy U. F. Milehrll, Trinity Collcigr. Dub> 
lin. 

K. Kkclani) 

401 Avnnur; Luin|i of beeswaa amuciatrd with a smith'* 
hinnl of late Knmw Age otijcctsol estimated 2500- 
mo ytwn age. Qanlian b whether it b part of 
hoard or sot. Submitted by J. W. Brailaford, British 
kiuMum. Comment: la nut {laH of board; it ia ynung* 
er. 

547 .V4a^4 iSia^kk fnl): Modi&ed humified peat 
(Sphagnum-Callosa) (mn mid-iron Age Co Rosnawi- 
Brittah (icrlod from Sba|>wick Heath, Sommet. Ihd- 
kit Zone VIII. U|i|ier OligutniphN; layer; decay (mol 
aoudi cf. S.H.6. Salimillnl by H. Godwis, Cam- 
hnslgc, linglaiul. 

545 .Sitfvidt (SImfwki Alluitk): Hami&di Sphagnum- 
Calksapieitof Neolithic .‘Kp.cariy Pollen Zosc VII, 
takro (nim A feel 8 Inehea to 7 feet at base of old ]>eai 
at Ik-war'aimekcseavatlim. SuhmKted by H. Goil- 
win, Combriilgv, Fjtigland. 


j\ge (Years) 


MUlg.MO 


M2Si^470 


»a4i.tno 


11,3101720 


1l.787i7flO 


|7I2±200 
(9261250 
-rls. gJ9±l60 


i50Wl2.«1 
(5520 1 500 
Ar. .VtlOtifW 


604415M} 
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Oar 

N«. 

4A2 RKtlltk Meolilkie (Ursalilku): Hiwr «l diam'd wotmI 
fr«m ill* UkiauiloFitIrmmt at EhciuMv Tant, Cum- 
IicfUiul. Nnilithic “A” maUTial. Convanlaicuil ilui- 
ioK M 41X10 yvan (cf. ArfhanhfM, XU\'. 2W). Onr 
of riK caact in EnKbmi whet* ntxainc material hu 
been |>naiervcti in amunalMn with charactcrhtic N'c> 
olithk material. .Sultmiiteri hy J. \V. Unibfcinl, 
Brilnh Mumim. 

AM Slarr CW*.* Wooden pUtform fnan Mvwililhir aiu- nl 
Lake Piekerinn. Start Carr, Yurkdiirr. rnlkn Z«mc 
IV. Sulumittetl liy II. Curimn, (‘amlakhpr, hUinlaiHJ. 

A40 f'etifUifiaUPesItlaek!DiVMtnm Hawk*Tor,Cnm- 
wall. Pollen Z<mc IV, Early Puaclacial. Collorted 
from 7 fvet to 7 feel 4 incheaal Sit* I at Imvof U|)|ier 
|Kat. SulMnittnl Ity I1. Cnriwin. Cambridge, I'jig- 
land. 

Iltckham Mm, Enffaud {Rn^Uk Afktti^: CalorvoiM 
■illy ncknni mud from 7V0 to S25 cm. at D.ll. S, 
Hnetham Merc. Norfolk. Lau- Glacial, Pollen 
II and Ill. Submitted by H. Ihnlnia, Cambridge, 
England. 

444 Snuham, fufleiNf (GWvin): Lake mud frum .ScwiiiBm 
near Darlington in th* ratrem* north of England. 
Pollen Zone 11, oimdainl directly with laat glarial 
stage. Submitted by H. Codwta, Cambridge, Eng¬ 
land. 

J41 //*wAtrar./£uj(/aMd(/f/irmd/):PeatfrDinHawlcaTor, 
Cornwall, Late Cladal, Pollen Zone II, 9 f<*t to 9 
feet 4 Inches at Sft* 1, midille of lower (mi. Sub- 
mltlvd by H. Godwin, Cambialgc, hingland, 

479 f'tndf/t EiM; Plant Hrl>rif from Lea Valley Arctic Bed 
north of London at Pomkn End. Glacial »uge auo- 
ciated with mammoth, lemming, and arcik plmitK. 
Subffiittcti by II. Godwin, Cambridge, Knglaml. 

4110 ('4Mi4rid|r, £w|f<iMf (CamkrUgf /atmcforWlTOalc teood 
dchrk from Htston Road, Cambridge. Midrik id last 
inicrglaeial, time of maximum extenakn of the liefn 
Sea. Submitted b>' IL Godwin, Cambridge, KnKlaml. 

b02 Slmekeatgt: Charcoal sample fmm Stonehenge, Wilt- 
ahire, Englaml. Taken (mm Hole 32 of a serin of 
holm that arr briH'ved to have been usc<l for some 
sort of ritual. ThcK holes liclong to the first (ifaaM.- of 
the monument and arc oonaidered to Iw Lat* N*i». 
Illhlc. Subfliittod by Profnsur Stuart Piggntt. Uni- 
veraity of Kdiiiliurgh. 


.\gr (Yrars) 
4964 4300 


10,1671.560 
Mmt4W 
At.94«*±J!!0 
iMllli;40n 
(SS40±7ltt 
vfr. ttffS tJS(t 


ib6l9*3M) 
]64VI 2420 
-I*. 41.41 tJm 


in.KM lAJO 


OHhli.'iin 


OMnr than 

30,(100 

.\l leant 17,000 


37»i27S 
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III. UNITED STATES 

(7Vta«i^ r»Uaianil«n: E. S. Dxcvsy. Jr., R. V. Fi iwr, |. K. Gkivtim 
R. F. Htun, P. JOHMMiN, P. H. H. Rmuhtiv, ami> W. S. >^'xu) 

A. Nsw Knolanu 

Otir 

Nu. Stai[ile ARcIVisn) 

417 .nrMf (PuJhKi>/): Peat from lloyl* .*>7171.400 

i(on Street Fmhwnr ulc. Lowor pea uiulcrtyiitK ibv 
6ihi(nr. I'rcuicnabty the fehweir ihuulii Itr ytHinicR 
(cf. The KeybioH SlriH Fithmir fl I''['n|HT> nl the 
PnbiRlF FflandufcM),” Vol. IV, Na. 1}. p|>. AD, 6.4, 

A0). Sulmittcd by E. S. BarKho^, BMuRknl 
nioriee, Harvard Univeralty. 

41R Aeyirrm 5yrwt FfiAwfr (FMwfr//)! Fra|in>rnt of .tK.4li39n 
coalfereuf wood from marfae alit ow^Ibr the tower 
l>eai a&d the fiehvair (d. No. 417), Sulmittvd by 
K. S. Ba/gbuurn, Biolaicical LUwralorirB, Harsurd 
Uaivenity. 

3^ Vpper LinsUy Pemi {Deteey Seria)'. Puaal mud ssun* 

39 pin from Upfxr \An\iry Pomi, C'aincctkut. aa 
deacribed in B. S. Deevey, Jr., Am. Jettr. SH., 741, 

717-52 (1M5). Sampla were taken by borinf 
IhnMfk ka in center of ptAd. Collected and tub- 
Biitlnl liy K. S. IToevey, Jr., (khnrw /Amhifticnl 
Labontory, Yale Univerdiy. 


Kwnplr 

Dipia (Mrwn) 

Palin Xm« 


36 

3.5 

C3 

3761750 

57 

5.05 

C2 

IftOOtSOO 

50 

9. IS 

C1-C2 

.515915.50 

39 

11.65 

Cl-H 

3335 1 400 


119- Cy^XriuIryFwuf (/liitai(y.4er»«):PnndnwdMm|jlc!i 
22 fnim Upiwr Lhniey PomI, Connectieut. Thew taken 
from the oifc of the pond, conpatc with Nns. .W 39. 
CoUeeted ami Hibmitted by R. S. Deevty, Jr., Yak 
Uaivenity. 


Suuit* 

119 

lUpa tMHcn) 

4.65 

P-nMfcritr 

C2 

2141125(1 

130 

6.65 

CI-4'2 

.S.'VU 12.50 

121 

8.A5 

ri 

lIclcroKetiCDU*: 

122 

10.15 

B 

6911 and 
40M1250 
6A651250 


Coaunml: A|i|wnn laisiiig k inveived. 

tTR (>kv limley Pend (Uiitky H: Peat from UH>er Una- 3794 1 350 

1^ Pond, CoBBcctknl. Taken at 10.55 meten with 


Our 

Nn. 
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■\cr (Vrtr*) 


Sam 4c 

Ivftt unipUrr. Follm date li cw!)* tu mbklle C-l. 
Pine aonr it at 11 ,flO metm. Collected and ubmitloH 
l>y K. S. Dewy. Jf., Yak Uaiveniiy. 

.VI5 UaiHc B^nat (Bareail); Peat from 6.0 meten io Plicaey 
t’nnH, Maine. Very to|> of rioe Zone B. Sulmitinl Ity 
K. S. Dewy, Jr., Vak Uaiveniiy. 


.«Hi3l.t20 


B. New York State 

191 J^ran/rme/ jImmI (A'rwc/cMr)! Charcoal Irom bcartll in 

dcejictt refuM luvda (Trench 4, Sertion 4), Frontenac 
UIumI tile. Ddlected in 1999, Lamoica Focui. Archaic 
Peraal (rcviaeil tcrminolngy 19S0) (d. Ritchie, 1945). 
From collectionf of RochcMur Muieum of AiU ami 
Sekneea. Subtuittcii through W. A. Ritchie. New 
York Stute Mutoum. 

192 Oitftoitdtf 2 (PaiNi y*«NMfn(a): ChamnI fmm crema¬ 

tion (Burial 6) on the Oberfanilrr earn|UM>mt No. 2 
at Bmrcrtan, Ouwcro Cuanty, New York. Col- 
krtetl, 19.48. This b early Point ^hMla Focus (cf. 
W.A.R{tchk,RocbesierMuseumofArttanilSciriicni, 
iftauir t (1944], pji. 152-60). Sulimillctl liy W. A. 
Ritchie, New York Slate kluaeutn, 

28H 44are4u.* Charcoal froru hearth in tubaoil umk-r S lert 
of undisturlied refute at I.anmka l..ake Site, Schuyler 
County, New York. Some roeileti were present In 
tlib MmpIc. They were Kgrcgated uader a )ow-|Kiw'cr 
raaiaifying glai*. Thk samitla was las catafully ct4- 
lactKl than No. 367. Colkctnl by A. Prank Karrnlt. 
.Sulimtllal liy W. A. Kilrhic, New York State Muse* 
um. Comment; Doubt that ailrootkls were removed, 
la view of rootkis, perhaps ibe 5363 date for No. 367 
should be takai. 

567 Lamcic (tamoia Jin- Charcoal from Laiooka Lake 
Site, Schuyler County, New Vwk. From ea/liMl uc- 
CB|«ivin level .4 fret below midden nirfaee. Probably 
thb mmple was morv suitable than No, 2IW. Submit* 
ted by W. A. Ritchie, New York State Muiwum. 


4930 ^200 


(28171270 
(3080 1200 
At. .*9441/70 


4595 1550 
4344 1 300 
At. 45691200 


S383 1 2.50 


C. lu.iNOis, Indiana, Iowa, Kentucky, Ohio 

AND PeNNSYLVAKU 

116 AmisJ/wrrMf,Xrn/Mrky(IV(M/}:.\nnbMouBd.Kcn* 5149 1 300 
lucky. Archaic ponod, shell from the 6.54oot level. 

Shrllt powdrry un Mirtarx but shiny and appaniilly 
untouched underneath. Submitted by W. S. Writb, 

I'aiversity of Kentucky. 
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Xo. S>a^4e 

180 Aamu Unaid, Ktnimky (H'oU IV); Annis Muuml shvlt 
fnm the S.I>>foot kvcL Subnltted bjr W. S. Webb, 
Univenity of Kentucky. 

251 AwM U&imd, Ktnlmky {Oetr AmUer); Anns Mound 
<<nr utler from Arehutc 6..Vfcio( lovri. .Sulunilled by 
W. S. Webb, Un!«rcnity of Kentudey. 

254 ArfMfO:Aotlafromln« 

■Hmi Knoll Oh2 mannd at I.O-foot k'w>. liuimnlled 
by W. S. Webb, Univrnity of Kentucky. 

I3A .44rM, A'fMfMT^y (AAeita /): Arlrna nwterwl (non 
J)nkc Mound. Fayette County, Kentudey, Site 11. 
FragnMnti of terk prcierved conuct with co|>|>cr 
rret-chnpnl lireuat|iUt« in naodation with Buriid 7, 
lybigon Itottncnof pit, IheRntral fmiuruuf IksMlc. 
Submitted hf W. S. Webb, Univenity of Kentucky. 

214 dd«M,(Mw(OAi>dd^M):A<kn»inaterialfromC«wan 
Cre^ Mound, Ohio. Cbtecoal froni miUfloor fin>|ilwv 
jut OUCmIc home ntructure. Suiinulteil by K. H. 
h»by, Ohio State Muieum. 

126 f/e^ewif, OAw {Hepanii ///): Chureoul ftum Altar I, 
Section 5, Mound 25. Hopewell Mound Umip, K<w 
County, Ohio. £»ovatcd in 1891. Specimen 56424, 
Chicago Natural Hiatory Muicun. Submitted l>>* G. 
(juimlty, Chicago Natural lliatury Muteum. 

IJ7 Wa^ruutf, OMo {Utfewiii 56etf); Conch thdk awocialol 
willi Skeirions 200 aiwl 261, Seetkm J, almuat certain¬ 
ly Iran Mound 25, Hn(>e^l Mound (irauiv, Rn«c 
County, Ohio. Spe^ena 56556 and 56606, Chicago 
Natural Histocy Mvacum. Subcniiud by O. Quimby, 
ChicagD .Natural History Muacuot. 

159 Ihptwtil, Okh {HtftwU /): Rarfc assocMinl with 
Nekton 245, S^tion 2, Mound 25, Ho|>cweil Mound 
Graup, Roaa County, Ohio. Spedmea .560M, Chicago 
NnlurM Hblury Mufunim. Sulinitttd by G. (juimliy, 
Chicago Natural HHtnry Muaram. 

1.52 //oyeweff,//fiiwir (ITo/fiwfl//): Wood from wood and 
bark ca|j|>iog. lower edge of priroaiy mound. Mound 
9, Havana Grouit, Havana, niiaoia. Submitlod by 
llaime Ucsel, Dlimni State Muteum. 

465 Orftri, Okie (fStUtkmail); Large log from ihe 'f^aewell 
or Cary ddft near Oxford, Ohio; HamDion, (Niio, 
(^adrangk, Oxford Towiuthi|i. Sectioe 26, juit north 
i4 the cmk. .Sulanitud by R. P. Goidthwail, Ohio 
Stale Untvrrdty. 


.5gc (Veart) 
7574^.501) 


4900*250 


<5709 * 5.50 
f4ft»4*S60 
A 9. S.m±MO 
1168*150 


1.509 1 250 


19511201) 


2285*210 


20441250 


2556 * 250 


At teas! 15,000 
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364 ///wMif (r«Ur«fM): Wood from Tolle»toa 

Icvrl, lake ChicoKB (BUT be Algon<{uln 
found at bw o( liike i&nd ovodyhig till in dny pit 
ni DaIum, Ulinoit. Submitted by J Harlrn Rretx, 
Univmily u( Cliicngo. 

466 Titi, tUiutit (/f/fNofon): Wood found in till directly be¬ 
low lllinoUn ipinbotil in Vermriioo County, Illi¬ 
nois. Submitted by G. W. White, Dquirtnunt nf tie- 
(ilogy, Uiiivenity of IJlinnet. 

S3S lVaU»it, iTawntrll): RnrlyTurwrll Stidbyville 

wood from I^ke Kirttnpoo, Weriren, La Salle Coun¬ 
ty. lUinats. This b supitooed to be our on^ truly 
authentic Tosewell lomple. Submitted by L. Horlierx 
and J llarlMt Br«U, Univenity nf Chnuen. (Cf. No. 
Hi.) 

S73 Wtdrtn. MHofi (H'airm): Wood ftocn Lake Kicka|K>o 
(leixisits at Wedron, Illinois. From dark peaty till oc¬ 
curring in A bedrock volley in St. Fcler sandstone in 
the same quarry anrl iMnilion as .Sample S3S. The 
wood horiaon to ovrriain by pcrigbctolly deformed 
ooBd and dnrk silt, which in lum underlie Uminatod 
clay (Lake KkkotMO dcimuta). Iltesa Ik uiuk-r a 
series cd tills which have been ny^nally cnnHalcil 
by L, Horherjt nnd others. The losrest of these to 
Bloomington, so the sediment* must be early Tan- 
wdl (either Bloomington or ^tihyvilto). 'X1ib 
santplo was cullocleil by J Hnricn Brels nnd Inins- 
milted by Jerry Olson, Unnrertilyof Chiengo. ft was 
taken as a che^ on No. 535. 

510 F»rm Crttk, IttiwU (Foriwdo/a): Wood from Farm 
Creek, Illinaii, re|ircacnting the mrliest slagm nf the 
Wisnmsin gln^lion. Found .5 4 feet bHow the sur¬ 
face of the Firmrtole loess. Submitted by Guy T>. 
Smith, Bureau of Plant Industry, Bellsville, Mary¬ 
land. 

4ftl SkiuJ! Cmk, J«m (SkuHk Crr*l): Wood fuuiwl Iwnealh 
A jimuinaldy Mankato lilt on north bank of .Skunk 
Creek. NE. Sec. IS, T. 80 N. R. 22 W.. Polk 
County, lowu. Submitted by W. H. Sdiolta. lom-a 
State College, Ames. Iowa. 

SW Cifitr Vffet, /mm: Gtorinl wood cnllrcted in glactoi till 
in .Story County, Iowa. Location south ilib of Clear 
Cnvk In an ciqioac*! cut; NE. i; S3V. }; Sk. 5, T. M 
N., R. 24 W. Till tb^ht to be Mankato. Tbu wuud 
was excavalRl by dining arul fnurul in Inno which 


7V 


Agr (Ymri) 
3469 ^230 


Older lluui 
17,000 


13,842 1 780 


CSdcr than 
17,000 


Older than 
20,000 


Okicr Ihon 

i7,(ni 


16,36711000 
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Nol Sunple 

uiukiritM ft raoinl tOL Submitted by W. H. ScbulM, 
lowft Stfttc Collier, Amn, Iowa. 

43S UrUtcviUt, Ptnmyhutic {Bridfe^Bk): rnt found bc« 
ncftth l7feetofftthiviftldcpMiiJuctwe*tof Dridffc- 
ville, Peniuiylvftfla. Tttought to Tiuowcll or Ci/y. 
Sulmiitted hy K. R. Klkr, (Urareie Mtw*um, Pitla- 
buiigh. 

536 BfOttitf, Oki» [Isie /judy): Wnori fnicn Bvllcvuv, 
Ohfe.JmUcnorthwntofCutalitontlioASO contiMr. 
This lulls srithin the hijchcr linit nf Lmki* Lundy 
(OrtwDcre) but sbovc tte Elkston Knit. L«kv War- 
raft beadiM ftra 5(h60 luilicr. Sulmiltod by 
R. P. (ioUthwait, Obiu Slato Uaiveistty. 

SOS C«ad<ii (Caiiideft]! Wond rrmn Camikn 

moraine, south of Dayton. Ohio. No. 465 ms Ikhti 
the outer limit of the drift of which the Camden 
moraine k ft rvciauunal moraioc. Thk may be Cary. 
Sulimilted by R. P. (ioldlhwail, Ohio Stale UtiiyiY* 

lity. 

.509 Farmdtk, tUvtais (farmdeir lf)i Wuuil fuuml 0 In 1 
foot below surface of the Famdilc Inew at Parm 
Cmk. Illinois. Same site is No. 510. Submitted by 
Guy D. Smith, Bureau of l^t Industry. Beluvillc, 

MaryiaiHl. 

SW lale CicM: Peat from IjJiv Ckott bog, Indiarta. Col* 
IceSn! (rum 22- to 2 J-(udI dqith, emnbinni Saiiijiln 
B, C. H, r, L, M. Utmight U> be /one C-i. Xoi» B 
bMftdary. CoJIcctcd by J. R. PoUger, Butler Ual* 
venity, IndSanapolk, Indiana. .Suimitied by B. .S. 
Dervey, Jr., Yak UnivmiD'. 

D. Nortu Carolika, South Cakolcia, 
AND West Virginia 

336 rrctrKfr|f«io0erMf.-PcatofPo)knZeaeB(pine}fmffl 
12 feet 3 ioches to 12 f«et 9 inches In Cra^Mny 
(iladca, West Virginift. Submitted by ft. C. Dailiog- 
ton. 

474 Sin^itUiry L»kt, Merlk CtnHm Optiwaw); 

Peat fram highest of the three ruKank horkons at 
Singletary fjUie, North Caralina. .Same site aa No. 
475. Suhrahled by Darid C. Prey. Univi'nity of 
North CaruUna. 

475 .Vfe^lrMry Zofr. .Ve/TR Cuwffort (ATogMory iftioNrte): 

Peat and take acdfanenis from Slngktary* Lake, .North 
Carolina. 'Fhe lake has thxev organic horiaww. ‘I'bk 


Age (Vran) 

Older than 
16,000 

fUMiSOO 


(Mflrr than 

iT.nnn 


Ohlcr llian 
19 ,an 

562S±3m 

94541S40 

10,224 tStO 

(Hdcr than 

2 n,nnn 
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Uar 

N’b- Sui|4c 

tunpla u the mcmuI which bn hem U'nUtivHy iclcn* 
lilini from (nllm n lyiiR between the Manktto aiwl 
Oiry Mhxnffe*. Submitte«l by D&vlil O. Prey, Unb 
venity of North C»roliiuu 

47h .'CiiiglebtryLaie,lt’crtkC9nHn4 IShglftvryi'iry)'. Low* 
c*t ol three layera in SinideUry lake (cf. No. 475). 
SubniUeU by Dixid G. Frey, Univenily <4 Nurih 
Camliiui. 

363 Sonifc, S&ulk i'aroiimi {Stuila): Cy\tnt» «-om] fmai a 
Urgcxtuiii)} liurivti WKier 30 feet o( uml «to|Mmiteii by 
the Snnlvc Riwr in South Carulinn. Sluinp was It 
fret in alsunetcr, lar|ti*r than any now ipowimt in the 
rexion. Submitted l»y Stqihcn Tiber. Univ-enilty of 
South Carahna. 

tat Uyfilr Tbw*. .WA Cunlim (UyHU TtrarA); Cyi*tm 
wood front the Myrtle Octeh tm under the 1‘amtico 
Terrace. Submitted by Stq>hvn 1'abcr. 

E. Louisiana, Missis8u>pi.Mi»k)uki, 

Nebraska, and Texas 

143 CfMtiSilt,LMisiam (()»iM6y/IO:Charc<jilfrumMC- 
undory mantle near juiKliun with iirimary mantle uf 
cast ulofir Mmnii A, Cmnln Site, Ia-.3,!.«.Salle Ihir* 
bh, Mirknvillc [aerlnd in Lnubltna. Submitted by 
G. Quimby, Chkofn Natural lUnory Muicum. 

1.10 Ttbe/Mitti<,/Mitkne {QMtmiy //)•■ Charccml from lq)6 
indwo, TdMfuMU Ste ST 2, Midden A, in lAwif!* 
ana. Submittod by <t. Qulmby, Chkogo Natural 
HMnry Mumm. 

151 Tdtr/Mudt, Lohumm (QniMiy III): Shell from lop 6 
inchrw of same TrhefuticlealeaaNo. ISO. Submitted 
by G. Qulmby, ChicoRO Natural Hhlory Minmm. 

IM Bynum SOr, Mitsiuippi {Hyrntm It): Bynum vryelal 
material from Site MCs-16. in Mmimippi, bane of 
Mound B. Sulunitted by John Cotter, Natiocuil Park 
Service. 

385 JUisuuri I): Wood from the Bonftb 

aan<i terrace near the mouth of the Mioouri River. 
Thh trrrare b a rrmnont of the Peotu* Terrace, and 
the lie tv therefore ahouhl apply to the FtMus Terrace. 
Sam|4e taken from 3 feet ahox-c top of the gravel. 
Sulrmllied by l^wb C. Peltier, Wadtington Uniwr- 
Nly at SI. Lmio. 

al ifedidm i'mk. .VWraiKi (Stkutti I): Charcoal from 
.Molkine Creek Site Ft-SD In Nclnuka. It b a mfx* 


Arte (\'can) 

OMxt than 
30,QUO 

Oltirr than 

l 7 ,(Xn 

Obler than 
30,000 

1ISS«350 

633±I.10 

12331250 

12761150 

13,1481700 

.1356 1 350 
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turc oi Mil bttncb A ami B, which arc 2 (cvt himtI. 
Submitted by C. B. Schulu, Univmity of Nebraska. 

106a Utiuiitt Cntk, Kttwk* {XekuNs ///): Chnrcml (rnm 
Soil B at Ft-50 in Nebtaska. Submitted by C. B. 
SrKulta, Uniwnily of Nebraska. 

470 JftdtriMc Cntk, iVcfroshi (Sciidls 11): Charcoal from 

Ml R at Pl-SO, lawn occu|iaiina Zone Feature 16, 
N. ISS/K. 4-^. CoUected lain awl roorv carefully, 
ulhcnr^ du|>lkatr of N’o. IMa Sahmiilnl hy (L M. 
Sehulu. Univeniity nf NHinuba 

471 iLiMc IVnk.' Lime Creek die dtsreoal. Ft 41. Frnntirr 

CoMfily. Neliraika. RefcreiKc: 4i«e Cntk Biitlttin, 
pace M (d. Sebaha. IMK, \i. M). Submitted by C- 
B. Sdwiu, Uniemlty of Nc4im)ka. 

FdjaM Bern: Burned bbon boM from Lultbnck. Tens 
from Ibe FeiMun boeiMn. Submittctl by T.. H. ScU 
lards, Ti'ia* Mnnarial Muaeum, Austin, Texas. Mr. 
Sdlards' tlcKr^dion' "This hnmctl bune haa been 
ooUcclud by Glen Et-aiu and Gmysm Mnitle of twr 
stall. We art enlirdy satiaBcd that the horiaon Is Fol¬ 
som. Thhtaindusiun that it ia Felsom It based on two 
principal olacrvutinna We have, aa you know, a 
thwoushly proven section at Clovis New Mesicu, 
IheHUCGcasion bcinf a tray sand conuininxdriihant, 
other forails anil artifacts as the basal stratum of the 
KCtlon, foUnvctl by a drinml csotauunn a large per* 
CI.-QUIC of AlatomsCfouf earth as the sucimmI stratum. 
Ihe ekfihant it abeent from ihb second stratum and 
inMcmi «Y hatt an abundance of bison. At the Lulr- 
bode Incality exactly ibcM cowiitiona arc rc|>ettc<l. 
grav sand as the haoal stratum wtih dephonl aa the 
most oununon foatll. foUownl liy the iliatomaceuus 
Rtalefial with the extiiKt hisao as the alMindani Iih. 
til. l4l<T units arc iwcoent at hath localitira. .At Ihe 
Cinvit locality the Fnkmn culluic it contained In and 
confined to this tceoitd horiaim- .At the Luldiock lo¬ 
cality Fotoom culture b iwescnl as shown try the 
fact that we have found Folsom (mlois thrown <wl in 
the enursr of dnslgito;. Wa haw not yet found them 
in |dacc in the dtstomamnis deiwait, Iwl are full)' 
convlaeed that Ihry will Iw found in idace as excavat¬ 
ing iuocvisls.'* 

Chamul from a hennh in fill of wtoiulnry dmiiiwl 
whirh hail cut through the original ilcpoait of Um" 
low ami artifacts ul the tiriginU Fobom sll& Cof- 


Age (Yean) 


X274iSin 


in. 49 .iii.snn 


I9)a0167» 
f91A7tlV» 
/!». fSH±450 


9»L}135U 


4575 ±.W» 
392.1 ±400 
.tr. 4iJ)J*iS0 
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kcted July, Submhtcd by II. J. Coolc. Afutc, 

N« 4 >nuk*. 

4A9 Ctdtr C««yw; Charcoal Irom Cedar Canyon. Nobraa- 
ka, locality Sx-tOI. Found in buried bcarlh an de- 
teribed in PiKura K, |Mgi' 3.SV, Volume LXX, Amuri- 
run NniHuilitt. Sulmiltnl l>y C. R. Schnita, Univer- 
lity f4 Mcluaalca. 

l.U ttiwis; C'ornonin from Davis site, in casirra Trsus. No. 

Jones 5497. Sutmitterl by Akx Kririeer. Uni¬ 
versity nl 1‘ens. (hrouitb James (iriflln. University nf 
of Mkhican. 


,\«e (Vran) 


iwi-rtw 
2 J 79 t 4 JU 
Jr. 2HT ± IfO 


I.VV 1 ±t 7 .t 


F. AKIZONA, CAtlPARHU, AKD N'XW MRXtCfl 
]& 2 - Hal Carr.’ Corncobs and wood fraicments from thr dr- 
74 bris In Bat Cnvc, New Mexico. The depth below the 
tup oonvlatct with the <k\xlo|>racnt of Oom (rum a 
Itrimilive fuem at the lowest layer uf 6 feet to eMCft- 
lially mnik'ni Com at the ln|i. Eacavatnl by Herlirrt 


Dklc. Halmithfl by 
UnJvcTsIly. 

P. C. 3 Un](Ft-«iinrf, Harvard 


Xtmpie 

Lwcf lt>twh la rent 


1 A 5 (cobs) 

0 1 

I 7 .t 2 i 230 

173 (wood) 

1-2 

1907 i 3 S 0 

172 (woul) 

2-3 

2239*230 

IM and 171 (mra aiwl wuod) 3 H 

2249 * 230 

170 (wood) 

4 5 

2 »> 2 i 2 SO 


M 7 - Hal Cate: Charowl all from one area in Hat Cavr. Prom 
73 levels from wbkh there has been no vandalism ami 
little u|i|wrlun{ty (or mixture by roeknt actMiy. 
The dvv^Hoent of the corn culture is presumably 
cnnrtelable with the chartual dates. Suliniittni by 
Paul C. Mamedsdorf, Harvard University. 
ftaelt LeciUua 


367 

Area III, Xectiun fr, 

Front, 11 IS-Indvu <lci>ih 

tblOlM 

.369 

Area Ilf, Scctinn Ir, 

Rear, 24 - 36 ‘iiKbes du|>th 

2816 ±200 

.S 7 I) 

Area IK, .Secliun le, 

Front, 36 - 4 S-mchn ckpth 

2048*170 

571 

Area III, Hertion Ir, 

Front, 4 * dO-indus «ki*th 

3603 * 290 

.372 

Area IK, Section Ir, 

. 3000-7300 (ivatr 


Front, . 34 - 66 -indi<« depth 

run) 

.373 

Amt III, Sictiim Ir, 

Front, 6 f>-ei 6 -inctirs dqtth 

5931 *310 
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SfU TriiMM Cm» !: Corncoba Inxn ToiaraM Cave, New 
Mcnen. This umitle tA cutn was fnxn Square 2R2, 
LcxtI U. Ihe lownt iwctmmic ocmiMtioii level rcst- 
ii« un maAkom Iwtlrodt 9 feet 4 Incbn from the sur- 
laoeof Uiedry mkUwt SybmiltetJ by Paul S. Martin, 
C*hicnic» NatunI History Museum. 

TnAi/aM C<m //; Culis and tree liark from Tutanwa 
Cave. New Mesini. *rh» sani|iie was talccn ftem 
S^nre 2R2, Level 10, A reel a inrhn Iwlnw the sur¬ 
face. Tbit bycr is the Phir lawn j haic. the first pnt- 
tcry-makifll ixrlMi of the area. Sulimitlol liy lltul S. 
Martin, duCHRA Natural HUnrv Museum, ihrouch 
Onmilcl Collier. 

AI2 rWonutt Cwv lit; Com arul vrRrtalA.- material from 
TulartM Cave (ef. Not. $f4 ami .Vlf). Sqoarr 2R2, 
Levi*! 1.1. PriM-ottcry and aModatcl with Chirkahua 
lyiw imiilemetits. .Sulrmitttsl Paul B. Martin, ChL 
(aai> Natural Hbtnry Mu.vum. 

IMS .'Atu yntHfitn Bay J/rwnf, (W^srmi (Cdi(fdrRM Af' 
tktk)'. Charcoal from a yan Praiwncu Bay tiiell 
miianH.5itc4-Mm-IIA Fulimitiecl by R. F. Ilciarr, 
Univmuty ol California, Berltelcy. 

44M (Wifsruw JSarfy tloriscn: Chtrenal Irtwn near Snem- 

and menbs Sitr SJo-M. culture Early Central California 

!t22 HotMwi as (bvcitUsI in Robvrt F. Ilciier. The 
.Irrihimisjcy V Crmiral Cali/wnim. 1. Httrlf lltfOM 
('*Anlhn<|iel<ucleal Records.” Vnl. XM, No. I (Cni- 
\w*ly «f California Prett, 19491). 

21b Cm-kitf. /IrisMd (Corkbe): Cbarowl-bcnrini; dirt Iwm 
H aiul M beds diown in Flfurc 12. |>aae 47. The 
I'artite (’siTu/r (“Medallion Paiicrs.” No. XXIX). 
'PiK K the Subdiur S|irinxs stsRC u( Uw culture. 
Submitted by E. H. Sa^'s. Ananna Slate Muwum, 
Tucwin. Arixoaa. 

.Sll (VAfie. .Iri'ssM (Xnlphif Spf(»e>)- Chnrcml from 
Ciichitu Site A North. Sultihur SprinRs staRc. Sub¬ 
mittal by K. b. Sa>'l««, Anwna State Muteum. 

SIS Ctkitt, .l/'iSMO (CkiritviMt): Chareual from Cochhc 
Site 12. Cbitkalwa State, ^boittal by E. B. Styles, 
.Aruioiu Slate Museum. 

.SIS Cmkitr, .IrutMU /*rdre //): Charcoal (rum Site 3, 
Son IViiru aloRe. Sul|>bur Sjirwuv Valley. Arizona 
(cf. I'eum' tAl, Fic- 4). Sutimilted 1^’ E> B. Sayks, 
.\rbAa State Muwtim. 


A|« (Yean) 
22331200 


(21121230 

I2177±225 

At.ZM±m 


23001200 


<A33i20Q 

Uu±ito 

A*. 72r/l/J0 


40S2llb0 


77Sb±37U 


62IQ14S0 


4iab±270 


17&2i430 
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SS6 Wet /.eueU.lf<vrMtxico(Aiti€ft I)iCoditM!L)uuniiL\vii- 
Irdcd by li. Antcvton tke Wot Ix^ptHt, Now Moxiat, 
AuKWt 17,1950. Fuunil in wsll of an arroyn tributary 
to main Wot anoyo at a dcvth 9 feet ft tnchca 

liclow the xround kvel [n beds whkh mo)- be i-ilhw 
Chirfeahua or San Fedro. SutHniilnJ by K. AiiirvH 
throuch 0. Quimby, dikaRO Natural llnttiry Mu* 
Kiira. 

519 Coekitt, Ari»iitt (.VtM Mn)i Charost fttim (‘iirhN* 
Site, San Peilru KtaKe (Brrcain 5:10), Fifturr X, Keil h. 
Sulmittetl by E. B. Si^kf, AnaunaSlaU* Museum 

615 Se*fitt Lake; Searlcs Lake, Califurnia, uricanir inatlcr 
from mud team (cioraling u|i|-at and lower wit tie* 
INisils uf ScbHcs Lake, MirvnI to have Ui-n rlc> 
jNBiiial by ffnml watrn dortne Um glacfation. Or* 
jcanic matter was extracud with acrlwnv, eva(H>niUti 
to a thick syrup and the rvainuus ouUi.-riul iirvcijii- 
tatol adtiing water. lAmur'sSamftle 2. XtilHnillnl 
by W. A. (laJe, Ainerknn IHrtaili anti Chemical Civ* 
(KirBlian, 'rrona, California. 

62ft Hit Hut: Cltaioual (nan shell mkhlrn nn (*aIif«<niiB const 
at mcMth of Willow Creek almul 50 miles south •>( 
Hig Bur on coast ol Monrtcry’County. XluMen over* 
lain by 10 feet of gravels. Prinent Ix^h gravels sub¬ 
merge 4Ji feet of mkhlrn, indkaling shore lUibaidencc. 
Sulaniticsi by R. F. Henrr, L’niveniiy nf California, 
Berkeley. 

G. Nkvada, Ougon, AMD Utah 

221 CyAiirM Case.' Dung of giant sloth fmn Cypsum ('ave. 
Las Vegaa, Nevada, rollreled by M. R. Harrington 
in 1951 from Room t.dung layer6 feet4 Indies from 
surface. Submitted by M. R. llaningtnn through 
Ruth Siroiwon, Soulhwut Museum, Los AngelM. 

232 Gy^am Con; Same from small room southwest of 
Rirum i. Taken 2 feet 6 inches from surface. 


2 ftl Lnumnl Karb Shdter, .Vemdu {Learned Raeky, (in- 
burned guanufrom layer containing wundmartrfact'i 
in iMiuini Ruck Shelter, Nevada (I.KS3). Sulimitleil 
by R, F. Heifer, University of California, Berkeley. 

298 /.eoaonf Hark Shelter, .Vir iWu {J,ramnl Rack //): .Albtl 
fomhafis nf hanlwiwid {SafeahtUut, gn-asewrioii) 
from byerdcscfllicd in Ko. 2ft1. SubmliK-«| liv R. F. 
Ilcizcr, University of Caiifumia, lirrkeky. 


85 


.\m (V«ars) 
45RX;tAH) 


24r>.l±.tlti 


At lrw>4 16,tlM 


tX79l2.tn 


10,902 i44n 
10,075 l!l!« 
/!». lO.dSShSiO 


8692 i.UO 
Ml.51±4»> 
XX.tX±4J0 
,lr. A5!7±:se 
X4-1.1±.S10 
ftX20±40n 
.-tr. ltMO±XO 


TOiXfiHI 
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Ma. Sunpfe 

SS4 Ltmari t(pck SMin, Ne^n {Umtati Htck III): 
Cftrbonbed bukcuy from nppw 8“""“ 

C AModiUd vrith infwii KutW. Slibmittrrl hx R- F- 
Hrorr, Unlvenily of C&lifomU, Rcricdcy. 

884 L<*»vd Mack Sk^tr, Naoth (LtttttrJ Rtrk AmM>): 
AnotlwT pnrtion of th« CArbonSad Lukcfry found in 
Ltontrd Rock SkrMcr aivc ond niNUcflUd bjr No. 
SS4, "LcOAud Rock HI." wh^fc ipive 2736 + 500. 
SubmillMl by R. P. Ildw. UnWcnily of (’niifoniia, 
BcfkcWy.CumnwnC F.Arikrn)c«wninmi must haw 
been b error. 

599 K«ck Omaa: lUt gtani) Ukui from imtocdialr- 

ly Above the PtebtocToc icwvtI» in Ibc LwHurd Rock 
StMlUr, Kevida. Sobnittcri by R. F. HcfAcr, Uni- 
vmky of CAiifoma, OcHccky. 

277 farfa* Cow, JV<t«dA(io*ef#f*/)!Bumnl*ya«i from 
(MiKcuiiAtiuA Itvel, Lovehick Cavc, Ncv*<h (IX'4A). 
Sgbmittr<l by R. P. Hcuct, Unimiityof Ctlifomin, 
RrrkcUry. 

2TK COK. .Vewd* (totrfof* //): Uolwrnwl kuaau, 

kvd, Lovdock Caw (LC4B). Suit- 
tnKicd by R. F. H«u«r, Uniwniiy of CAlifomw, 
Krrkeiry. 

27ft Utdotk Cm, Seioda (iarfw* HI): VckoUJ nriAlcnAl, 
rariirsl occui>At!on kvd, Lowlodc Cavc (LCB). Sub- 
niitinl by R. F. Ucuof, Uofmihy «( CAlifomb, 
BrrktWy. 

SKI UumMdl Cm. Ntaida {HmiakMi)-. BAAkotcy from 
llutnboUt Cavc in Nevada, cnnvainl in 19.f6. Ttui 
«vc « MOK 10 or 12 mile* wcat of LovHnck Cbw. 
Submiilcri by R. F. Hcucr. I'nlwftlty <>f CaUfornii. 
Brridity. 

247 ifoMAw; CKatcoaI from a (rcr burned by tlw j^nvinf 
innoKB thrown out by the cx}iloilon of Mcmni Mua- 
ma (thn bwraeil Cralrr lake). Thil im wu foontl in 
A (uAil cut above (he Rcikuo River on UrcBcm Hich- 
way 2)0. about I0.A mdrs toward IfiainoHil Lake 
irwB tbt juKtiM of Oretton Huthway* MO anil 62. 
The iwmin n aliout 75 f<«l deep at this point, anti 
ahnut 40 fat of jNimic* overiin the i>orllen of the 
tree from which lhn« aanifiilcs came. The imprrwinn 
was that the tree wns aliJI in very* nraily an U|>riKht 
IwAtlide. Cc41rcted and sobmitlrri by U S. Crtvsnian, 
Uniwmly of Orcfon. 

UIV l>>Mtrr Cm. f’fa* (Aw*" Cmv I): CharciHd, wia«t. 
aimI alwiv danf from Dancer Caw. nrnr Weinl- 


Aft (Yoar^ 
27361500 


5779 + 400 
MV41)M 
^Ir. J7J712JO 


ll,tV9lS70 

4448 1 250 


(6046iX)n 
f 5961 ±400 
Aw.VXHictSO 

2452 1280 
2517±J20 
Aw. l4lli±Z60 


1953117.5 


6389 1320 
7)181)50 
.5938 1400 
AJ27140I) 
Aw. i4S3±lSn 


Il.lMlWkl 
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Ok 

So. SunfilB 

nvirr, Uuh. Found on oM bca«h ot I^kc Sun«> 
bury, omidulaf of 2 foot of caul dc|NMitc<l an ou- 
mcnted gnvcb. Both ilMqi dunx aiul wtaul wifi- 
found in Ihe mimI Uyrr. Abinr (hh xrvrnil fcrt nf 
later (Icjtasits lie. 'Ilib wnpic was liu.'qi dunj: front 
donor's Sam|4c F Id F5 .US. Submittod by Jmv D. 
Jennings, Universily of Uuh. 

610 Da»ttr Ctue, Vlui (Datiter (otr //}; Wand only fmm 
%aine InatMM os No. 609, 

42R Fort Reek Coer, Oreffitt (Soodaft): Several lulrs of wo> 
vm npc samlkh found in Fori Rock cave, whkh was 
burierl beneath (he pumice from ihe Newbero' vnijt- 
tien in Oregon. I'Hough Mr. Crownan himsdf did iMd 
dig Ihe aamUh, h« fevla Certain that (he penan who 
Hid gave (he correct mforwtatinn, They arc rraetty 
like ones Cmsman had dug but unfonunatcly had 
vamishecl, so (hat they could not be used for ra<)io> 
carbon moasuiement. Submitlod by L. S. Cretaman, 
Univenity uf Oregon. 

4J0 Catlt* Com, OnrfON.' Organic debris from Cathrw Cave 
No. 1 la Oregon. Ta^-n from 2.tUI'fuol <lc|>lh (No. 
(•JOS-S), Submitted by h. S. Cremman, Uidteouiyof 
Oregon. 


Aff (Vrari) 


Il,l51l$70 
dr. WJtd.M 


UllfltlVO 
f TVlitMO 
dr. 959 ±/.to 


H. Minnesota, WittcoNUN, and WyouiNc 


496 HromtoM, Uiiittetela (Nmarea /idrrglaaa/): Wood (rum 

a well. Bronson Station I, SS (tet bdow surface in av 
■ocialioo with a waalth of plant inat«ial In a Pregfa* 
cial ipruoc-lainarack forot. Collected li>’ C. O. 
Roacndahl, Dcpartmenl of Botany, Univeniily uf 
Minnesota (tl.JSe«t*ty. 29.291 96(l94kD Sulimiitol 
by W. S. Cooper, University of Minnesota. 

497 Moorkead. mimtsolo {MoKkeod rnUrtUeial)-. Wnml 

froru Moorbad Sution 2, MInnesou, late Pkisto- 
n-ne. May be aMOCMtud with early hhlory of Lake 
Agaxds (cf. Feoloiy, 29, 289-90 (194gJD. Colkclcrl 
by C. O. Roserulahl and submitted Ity W. S. Cmper, 
University of Mioncaota. 

iU MinrurMO Boreal (Boreal Peat fmm Jack«» 
Camii, Minnesota. Taken from &-foo( depth in Pol- 
kn ^one B (pine period) by J. E. Potwrr, Butler 
University, ladianairolis, Indiana. Submitted by 
F.. 8. Deevey, Jr., Osliornr Zoologkai Laboratory, 
Yak University. 

i.(2 JfiruwrNa Bored: Pest from 8.S-metcr dqrih in (*«)ar 
Bog Lake, Minnesou. PoUen Zone B. Collected by 


Olitrr than 

t9.nrin 


lt,2{U±7a) 


7SW>T490 
6!M6g3SO 
At. 7i2t±JOO 


7988 4420 
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M. Budl. Rubmitlcil Uy K. K. Dcvwy, Jr., Yale Uni- 
x-enity. 

301 7W# Creeks, tyiseemne: Waod and )jiuU «ain{>k* frr*c" 

JfcS Citeb fore** bed. Manitomc Coun^. Fore** 

.W> Iml lunJcriks VtMcr'* Drift (Thwailn). Ajqktvntly 
!*.*6 Ihr upracB tom* «u ntUaerged, iwshcd over, and 
$.*7 Iwrint umler glacial drift by the bn acIvindtiK kv 

rhect to ihh rniton. 'rhiuight lo bv Mankato to «c- 
KtapU ra4lK<)ia 

XW 0s>run wunl) L. R. Wlbofl. Unhmity id 
MaiaackutciU 

365 (tree root) J Harkn Bi*u, Uoivcnity el 
ChkagD 

M6 (|Ml in whkh J lUrlen Brcte, Univerrity oi 
not (MS] tt-aa Chkaco 
rooted) 

536 (i|>ruee rmnd) J Hadrn BrUa and L. llorbrrg, 
Univmily of Chicago. Col¬ 
lected tcvcral yean laic* 
iban 308, 363. and 36A in 
19.30. 

5.W(itM0 JHarkaBret*awlL. Knrbctg, 

Uoivenity of Chicago. Col- 
tcctal wmal years later 
than JU, 36S, anl 366 to 
1950. 

.304 .Wad fabnuf, H'utmuin.- Teat Iron Saitd Istond, Bay- 
field Cwiaty. *nti!i unique larat date* the one outkt 
Ktajtc of the N’i|M*dn}( Gmt Ldua. Submitted by 
L. K. Wiben, Unhtnfiy of Mawrhtnelta. 

41V Ukt BaCfc, If’ftrMrta: Glacial vood (cf. BatLGtd. Sec. 
duk, Si, 136 [IMSO found brtweva Aiqileton and 
Mraaiha, on the eastern shore of Little Lake Buttr 
At* Mortv l4« imtnukd from a alof>ln« bank of 
varvol eiay, |M>rha{« revorkeil but older than the 
MirtaCG till of Val^T’i Drift. Anwn llatimed by 
luraurv. Colircted and submitted by F. T. Thwaitra, 
Uamrsity of Witoonaio. 

302 Soff C>rr6, Il'yoMing (FmM): Partially burnal bhm 

hone nilk kigli organic cooient, from Sage Creek, 
H'yonilfig. Yuma site of Rbely and Jeptrn. Sab- 
mHlH by G. L. Jqaen, Ptiacotoo UnWcrtliy. 

1. South Dakota 

4.54 .Ingse/ar*. Seelk Deketa! Cfcarml fram site in the 
Aniraalani lUfrn'nir area. HorinMlal vne dj inrfacs 


.\SK (Yean) 


10,877 i7-4il 
11,437^770 
11,0071600 

l2,l6Rii5an 


11,4421640 

Ae. /;.4W±J50 
.16.561640 


5938 1300 
68641300 
Aw.t40j±i» 


66191350 
71331350 
Ae. 6JI741350 


77I8±740 
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thick mixed with day ((k«i>m|>ii«.-<l Tiem- Shale). 
Sain|>1e 39FAii5-2A3 from Squan? K7K4, Arm K, 
Submitted by F. II. H. Rolterli, Kuntiu of Amcrictin 
Elhndi^iy, Smiihmomn Imtitution, WadiinM'm, 
D.C. 

604 Imh SiU, Sautk fiakala.- Chorenal fn>m the Omi; Site 
(J9PA6S) in the AnRnstun area of aouthvfxvtvm. The 
charcoal wu taken from an o\'al-<tui|i«<i uniKqwnit 
hearth (Feature 14) 2.1 feet Imik awl 1.5 fvvi M-icIc 
in the west center of Si|uarr N3K.4. lAirt «hn wii’i 
taken from a amall wrruundinx nrva. Ihmnr’a 
Samtde 39FA6S-417. Coflcefctl l»y Richard P. 
WhcdiT in the summer of I9Sn in the ftch) (Kuty of 
Paul L. Coo|>cr. River Basin Surveys, University of 
Nchcaska. Submitted )jy Paul L. C'ooiht. 

J. AU9KA 

101 Yuken, C‘9i$ad« (/oAmion /): Charcuil and duinvl- 

102 vrood samples from buried sod layer in Ihr Vubm. 

112 Subinitlcil by F. Jfuhnmi, Penliody Fuundiilirm. 

PhilliiN Acnrlctny, Antinver, Maaachusetu. 

260 kpintak, Alaska {tpiulitky. VVonH ftnm Ihr Ijiiulak site 
at 1 >rcrinf(, Si-wnrd Pcnirtnla, Alaska. Tblnl kvel in 
debris. Pjtimaied date A.D. 0-500. FjccavaUfl by 
Helffo Larmn, summer of 1949. SuLmittwl by F. 
RaiMy, University of Pennsylvania Muwum, I’hiln. 
ddiihia. 

266 Iptiaak, Alaska {Ipiidak ll)i Wood Irum (•rave 51 at 
lliiuUk. Describnl in Larsen and Rainey, ipiMak 
aai Urn Arctic Whole Hantitu Ctdtart (“Archcofockat 
Pipers of the American Museum of Natural His* 
toey^'* Vol. XUl). Submitted by HelRO fjrnu-n, Uni- 
vcmty uf Alaska, College, Alaska. 

409 Pro-d/cMf, AkatiaH tslaads (.AktUiy. Charcoal freun an 
Aleut village sice ivrar the village ofNIkoUkioti Uniak 
Island. This jarticular aam|>lc was lakm fruoi a 
depth of 43J cm. and is |K 1 ^Aleut in age- Suimitltil 
by W. P. Ijsughlin, University of Orcgiai. 

299 Fairbanks; Wood found under 60-100 fevt of froavn 
muck in the gold diggings near Eva Creek, Fairbanks, 
AUaka. Submitted by WcndelJ Oswalt, University of 
Alaska Museum, Cotlegr, Alaska. 

506 Sertm Bay, Alaska (Alaska If): Chaned wood from 
middk levels, lyalayct site, Norton Bay, Alaska. 
Rxcavalcil by Okbiiiqs in 1949. Xulunitttvt Iqr V. 


K9 


.\C( (Vesrs) 


7U7.4t.1lin 


1611611MI 
14601160 
At. l$iS±lS0 


973*170 


9l2tl7n 


12920 4:240 
(34074 520 
.-le. jc;/g*2jr/ 


OMrr than 
2l»,ll00 


1460* 2I» 



radiocarbon datino 
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Rainey, Univetuty of PenRiylv«Bi» Phila- 

(Mphia. 

SU DtMtK -tl***- (DnUgk Ui)’- Hmc log from Wwv- 
EditiM Hou* 7-1YH7; Ctpc Drtilngfc, 
kitau SobmlUtti by V. KaiM)-, Uftlwnity of Pcoiwyf* 
vunia Mowom, PhiliArl|>hi^ 

S 05 .'Sr Ldwrfntt ItUtd, /t/wAy D- S|*nici- wood 

fnm HilbWe (Okvft Hoim). Cambell. St. Uwtwce 
Iifanrt, AUklu. Ji*c*vileH liy lo I9S9. Kul>- 

miltnl liy F. Riirtey. CnhrOTiD' Ptowylvani* 

Minrvm, PhilwMithia. 

5f(0 rnHil Cmi: RTllow* and chnitoal fio« WKm ilqilh w 
Caw * al Tr«a Cr«k. Alaska. SuUoittcd by F. 
RjOncy, Univrtaily of PcaaaylwnU MuarOtn, Phik. 
«M|ibia. 

m FoirkanD Vttrk: Wo«l fr«B »■ I® <^f«H ,«» 

FaiiUidts Cwrk, Fairloaltt, Ahrita. .A»wciatcil wllh 
nlina mammal hmwa. Submitted by WnwWI Ol- 
«mil, Univernty of AtaAa Miueum, CoUcftc. Alaska. 

1\'. MEXICO 
aOtktnltr: H. dx Tt*»a) 

IW TMiUt. Menn (ifwrirt I)‘- Chartoal from varlom 
burkb at diffemit ilqrtba at Tkltileo. Early to m»d- 
dk Ardale Perwl. Cdfccted by H. de Ttrm. Sab- 
miltnl by D. F. R- rk la Hutbdla, Mtiieo Nacioaal 
<k Aotrutiokgla, Mexico. D-P. 

196 Z«ar«#/,MCTf«(M<«ra//); Charcoal fr«« lowed 
•kitrrri la^, awoclaied with Zacilanco I iKHtcry. 
Early Archaic Period, fefoae bea|» at Zacateneo. 
Mexico. Collerled by IL «k Terra. Sulwhled by 
D. P. R. «k la Bwlwlla, MitaeO N'arional de Anlro- 
|inlu|tia, MeriOO, D.F. 

2M Tinihutfkn. Uetifp (Mrrrr. ///): Charcoal from enre 
nl l•y^•m*d M Slifl, Tecitihaackii, Mexko. The Jam|4c 
was taken in aB exeavated tunnH 6S-I10 meten from 
etiirtnee lirlmr main Center itairCTse. 'lha core of 
iiyramM conuios late Archaic type pottery. Cd- 
iKlnl by H. df Terra. Sabmilted by D. F. R. de It 
BiirbuUa, >l«eo Naekwal ik Aiitro|iolofffa, Mexb 
at, D.F. 

19R riy<l*Vm,l/tr<fa(Mrmee/F)sClarcoallrompremain- 

ie level iadwllng “Cbako nltura” artifacti in Rto 
Homlii terrace Ktaveb at Tlaltilai. Cdkcted by H. 
fk Terra. .Submitted by D. F. R. de la Bwbolla. 
Mumo Narioiwl de .Antra|>dngla, Merico, D.F. 


A*e(Yrai«) 

20l6t2.‘iO 

22.VltXW 

S993a280 

12,622 t7.S0 


.3407 ±250 


3JiO±2.V) 


2434 ASOO 
15I9±200 
/Ir. kyrrafTMeirM 


690«±4S0 
6017 ±320 

vie. A1«0±JM> 
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Our 

Ka. SAmpit 

200 CukuiUt: Chucul from jioltcry le>‘vl Mow PcrircpU 
UvA nnr pyramid of Cuicaik^ A«inmtcd with po(> 
trry luitl Acartnn ol Uir Arctulc (QieonuB PtuiK 
lype). Collected by H. de Terra. Submitted by D. F. 
iL <k U DorbotU, Miuco Kacieoal de Aotiopologla, 
Mexico, D.F. 

202 Lam» dW Tepatntr, ilrxin (/.mm): CharoMi Frum 
Annr rd atone structure, Loina del Tqudcaie, late 
iVrchaic Period. Collected by H. de Terra. Submitted 
by D. F. R. de la DorboUa, Muico Nacioiu) de Ad- 
ttopolofifc, Mexico, I>.F. 

207 TtmaiJipat, Uuirc (PyMilw): Charcua) imen ta|> level 
of Site T174, itatu o( Tamaulifias. Kuavated from 
8<|uarr Nis, la Pern or Pueblito Culture. Collected 
by R. S. MacSebh. Submitted by 0. F. R. de U 
^bolla. Muaeo Nadonal dc .'\ntro)»lo(ia, Maxko, 
DtF., through H. dc Terra. 

2(M Hfrtrnt ll'ead, i/rxtra' Wood from Ciudid dr los DC' 
portes near Mexien City, Annenu Ilnrlton aaioclatcrl 
with mammoth, botw. etc. Younger Bcttrra forma- 
tbn. Collected in IM4 by Arellano ami 11, dr Terra. 
Stilimitinl by I>. F. R. de la Uorliulla, Mmru .Na. 
riimiil lie .Antrtiptilcacln, .Mnini, I>.F. 

205 Becrmi Pm. ifcjrfca.' IV-at from taim: attllon aa No. 
204 but SOO mcceni eacc. Abo from the Armcnta 
Hwixon. Collected in 1944 liy Arellano and H. dc 
1>rrm. SulHnilleil by D. P. K. lie la Bnrbnlla, Muwn 
Nacioiwl lie AntmpoIoRfa, Mexico. D.F. 

421 U«rl at Ttptxpin, Mtxic* (Ttpexp^n /): Sun* and 

root* of aquatk plaoU oatending from 4S to 70 inebea 
from fcurface of marl into and through caliche layer 
beneath whirh foanl Tepnpdn man was fnutui Col* 
keted and lubmiticd by H. de Tern, tVenntr-Greti 
Foundation, New York. 

422 Atttdro, ifextre (.Van Tncgfr). Otarcoal from debria in 

south chamM rtf ‘‘|iainled iiatio,*' 1.40 metmalmw 
floor of iMiiio. In tsaociiUon irith Tcotihoicin 11 
style pottery. Submitted by H. de Tern, Wenner. 
Gien FounditioQ, New York. 

42J rMfiAwrdii, Mtxiro (6'hn TmpU)-. ^Youd (ran lar^ 
luDur on eahilat at Teulihuai^. Kxcavated 1921 in 
"Ciudadela'* at Trolihuaefcn, proltalily |iart of siqi- 
port for yoenger temple of Quctcaleoail snpcrlm. 
po*ed on older structure. Submitted by H. de Terra, 
WennefGrsa Foundation, New York. 


.\«e (Yearn) 
2422^250 


2.W1200 


SUS±I6.S 

9fl0±220 

Ar.*fi±tU> 


Oblcr than 
16,000 


n.OOSiSOO 


3a0O±45O 

44J0i-250 

At.4Hg±3m 


<lk7842IX) 
(2AI1±330 
At. 2244 ±m 


3424 1230 
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RADIOCARBON DATING 


Oht 

No. Somirft 

424 Sttn, U<tk& (Attoi? /)! ChMrml Irom TempW 
X tt TOuitoago, Oucm. Sftmpk of mHojutni raol 
Imno of leitipl* •xcA\'aCt<l with mbbtc from tcnpic 
Anor, Manic AItttn I level. SubnuttecI by AlfoMo 
Ctte. Inetituto NmwwI [ncIvciiiHtt, Mexico, D.F. 
42A CtocAao^M, Maira (.IUm ///}; Wood (rom roof 
bcimi in tomb tt ChacoBpin, I>ifi(ricl of NochixtIAn. 
OtnOL "Correnwodt with pottcey ol Monte Albtn 
III-A ly|M.” Submitted by Alforao Cuo. ImtituiD 
NmmmI Indiatnlu*, D.F. 

42$ Jfey|re(Af«Ur/IIhiii//}:rhaicuollrom 

Well of Oferiol No. 3. Mound 11 aVriqxinidt XII). 
Monte AUmo, Monte Alban II level Submitted by 
Alfoniu Cmu, InatiUi toNacional Ind'iAvnwta. Mexico. 
D.F. 

V. SOUTH AhlERICA 
{.hituipal cofluMraror; J. B. Biu) 

32t i/Mtor/fWu.rerMCCMmiiMltAlcrictofaiinptnfram 
.tlX Hutca Frieta Mound 3, which it peccenmk. Col> 
3tA kvtcd tnri tuhmilletl by J. U. Bint, Amerkan Mu*e> 
315 urn ol Nitutil Hbtoev, New York. 

3U 


Seaplc Liml 

1 (tliunk it K«l (mi T^eO 


321 (I2) (pfont material} 

HP.D;6 

29661300 

3lfW (9) (wood) 

HP3.J2: 22 

tW9ll96 

JIM (9) (wood) 


3.ViO±60n 

316 (7) (wood) 

HF3M;3n 

43801270 

315 (6) (Ml) 

HP3-M:3» 

3572 ±220 

313 (4) (wood) 

HP3-Qt;36 

4257 1250 

Cormatwi: Fnl tam|ilc (No. JlSa) looki iDCorrcci. 


M //muM /Vrrfa, JWm (Ciktimi 17/): Sample of cattail 

4M41300 


rant* fruen I.ayer K-2 uf Hutca PiivU Mound 3. 

.Stmuk! lie hrtvem Na. ilb tml 3IA Submittmi by 
J. B. Bird through H. C. fuller. ('hitwBu Natural 
Hittury MuHUia. 

ANt y/MKU BrttU: Charcoal fitm the hnmt omiioiion 4298 ±230 
(ntl of lluoo Pricta Mound 2. found iKrertly on 
Ixdrvci by OuuUute Larco, umtrr the direction of 
J. B. Bird. Suluniiud by J. B. Bird, .kmctknn Mine- 
irni ol .Natanl Hktory, New York. 

75 ffMore Ptitia, Ptru (Ferurlu*): .Algtrob* wood from 2ti6Si200 
raoi Icwm MCtiun of fubtcimnwn bouK found In 
Huooi Prieln Mound Sat thelevd uf rirnlOirpeonnCC 
of mtloc and Cupbnique (lottFry, Chkoma VaUcy, 


Age (V*ai«) 

12518 ±250 
f26a0±200 
/U. 16001 no 


16.52 lIKt 


22231145 
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Uar 

No. Sunjila 

Pcni. Colkcuil anl »u1>mUtcd by J. B. Bird, Amrri- 
can Mutuum <i( Kaiural ilittOfy, New York. 

323 llwtra /'/into, Firu {Chkawut IV)-. Wooden diminff 
stick from IIouk Nn. 2 ti liuaca I’riela Mound S. 
ShoaM be more than tOO yvan nkicr than ('uftimkiuc 
(No. 75). Sttlimktod by J. B. Bird, American Mine- 
urn ol Nalunl IlMlory, New York. 

3X3 Hmm /VMa. f'tru Roft) -. ltiO|ie in vicelknt 

condition from cnehr in lowna layer ([)} of Huaca 
Prkta Mound 1. <\»ocittcd with mriy N'rjcaliw 
(Gallinazo) |>otlery Sutnnitted by J. B. Bird, Amcri* 
can Museum of Natural History. Nrw Ynrk. 

3X3 Modka.-A»h Muxud with bunc from Mnehc site at Huaca 
lid SnI, iMirthum Peru. Taken from habitation site. 
Xrouml level, beneath {lynunkJ on nosth face in Cen¬ 
ter. Aaiodatcd with Mnehicn ahenk. Collected and 
lubmilted by G. Kubicr, Yak Vnivmity. 

M9 Pink Pofiry, Ftru (i/eckiVtf X*>r): R^ie <nm a late 
Mochka Inirial at Huaca d« la Cnia in the \'[r1i Val- 
ky.Aiaociated pottery mlicaifail dat«s from tht‘Ut¬ 
ter |iart of the Mochka (lerinl us rvcuninl in the 
Vii6, the first valky aouth of Mocbc. Bulwnittnl by 
\V. I). Strung, Dciorimcat of Aatbru|)ok«y. Colum- 
Ida Univenity, through J. B. Bird, Amcrion Muse¬ 
um ^ Natural Hhdney, New York. 

271 Pantat Stenf^U, Pm {Pvutat)'. Colton cloth from 
the mummy brought to New York in 19W liy Dr. 
Reliecca CarrsMi, National Museum of Anthropology 
and Archaeology, Peru. From Paracaa Necrepolh. 
Submitted by j. B. Bird, .\mrrkan Miueum of Nat¬ 
ural Histoo'. New York. 

4rV) ,V<sarn I'nilry, Prru i/tnca 1): Sectkna of four darts. Hia¬ 
tal ends iwinlnl black, three hard and whipping at 
end. Cahuachi, Nasen Valky, Section Aj, Lomtwn A, 
Grave 10, Nasca A fk-riod. Kanvatnl by A. L. 
Ktodwr. Siwcimcn 171210. Chicago Kalural Hklury 
Museum. Submitted by D. Cdlkr, Chicago Natural 
Histoo’ Museum. 

.321 A’asra VitU»y, Peru (iVusfu //): Wood fragments of 
AUall shaft from Grave 12, Location A. Section .\j, 
Cahuortl, Naae* Valky. Naxai A Period. Catalogue 
Nos. 17124Sand I7t24«. Should Ire contemporaneous 
with Paracas mummy Colkcted liy A. L. Kruvixr 
and submitted b>' D. Collkr. Chicago Natural llb- 
tocy Museum. 
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.\cc (Vears) 


U27«i25ri 

I3333±340 

At..W0±i00 


26.32 t3nn 


2XX3t.StX> 


IgtHtlW 


21901350 
XkWitMl 
Aw. UiJilOO 


IJI4t2.Sn 


(16X11250 
<2477 1200 
.Is. 


.Ir farfndiax 

K9.*M 



H RADIOCARUrtN DAHN’C 

Ow 

Ko. XbmiiIi- 

in CMmcJbt, l*rrm (CAukAw): (iuaitu Iniai Norih Chincha 
blind found brnnitli A fitH 6 incbn of wind<lionttt 
tand MQuchtndi 'Id fintenn by C. Kubler, IHiurl- 
ment of llitl<iry of Art, Yak University. Suliinitir<l 
by U. KuIiIr. 

4M tfyl»4m («r,f Ai/« (I'MffM .Slatk)-. Dtinf ofniint tklh 
from Mykxion Cnvr. Ultima I->|>cniiua, Chile 
($1*35'!).). Not ajMClaierl with human arlilacii, 
ihot^h sloth and man found leiecihcr in ihrrr mm 
125 ffiilei dislani (d. No. 4ft5). There b an a* ytt un> 
determined correlation with the last kc advance in 
Paiattnnia. Submitted by J. Q. Uird, Amerkan Mnie* 
ntn of Nnturul Hislury, New Ywk. 
dts PM Aike Coer. CMf (CMtcu ffaw): Burnul Imm of 
alolh, bOTK, ami gutnaoo. asaoebted with human 
bona oml artifacts. Valuable b determining time of 
arrival of nun at tip of South America, Material 
fAumf in Palli Aihe Cnvr, I2& miles eaat of Mylodon. 
SukmiUedby J. B. Bird, Amerioin Muvuin of Natu¬ 
ral Ifbtory, New York. 

VI. TREK-RINC; SAMPUiS 
105 Krtittn Plnle (.'oar, Xrm Maria (TrM Rimfi: Douglas 
Fir wood excavated by Morrn in 1931 from Rod Rrck 
Valky, Room A, Broken Flute Cave. Inner ring a.d. 
SJOi outer linn a.i>. 635. Submitted by T. L. Smiky, 
luhoratury uf Tree Ring ReiMrch, University of 
Arisons, TUmnn. 

159 .S'rywfo: Wood from the heart of the giant rcdwtnd 
known as the •'Centennial Stump" felkd m 1S74, 
with 2905 rings brtwwn the innermost (and 2M)2 
rings betvrm the uulermosl) |iorlioB of the somjrk 
and the outside «f the irrr. 'Ilwrefore known irwan 
age was 2929 ±SI years. .Submitted by K. ydiulmaii, 
Laboratory of Tree Ring Research. University of 
ArisuiM, 'I'ucsoii. 

VII. (yiURR AREAS 

518 f.'ii>iywiw .S'Mf ifenW, /uyu* {/apMtit): Charcoal 
from Ulnyama shell mound, slmut 10 miles west of 
Tokyo, Japan. Chnrenal was (Mrt of stinctural iv- 
mains in a house area in the bottam levels of the 
mound. Found In fall of 1948. Thought to Iw oldest 
house site in Japan. Suhmiltcd by Ralph l>. Brown, 
26 West Rustic LutIge Avemie. Minneapolis, Mliinc* 
sota. Similar ample submitted by Lkuteunt 
Colonel H. Schenek. 'Hiis «un|ik was nnt meas¬ 
ured. 


Age (Vears) 
Older than 
19,000 


110,800 Jt 570 
110,864 ±720 
A9. tO^Ji±4<» 


8659 ±4.10 


973 ±200 
1070 ±100 
i4a. I04i± to 


J045 ±210 
2817 ±240 
24M±210 
Ap.tTJO±tJO 


48.10 ±2711 
59581500 
At. 4$4i±i20 




KADIOCARnON DATILS 


M 


Our 

Nn> ?tBn(»lr 

AQ3 Uyayama SUl UouKd, Jupmi {Ijtir Jwmtm)'. L\iiUaia\ 
mlirciril >>y PAthrr (irtaH fnim the early Ijilr Juiram 
(H<»rinoiKhl hnrimn at the UlayatTw ithcll 

moaiKt (<r. No. 5M) la Jopan. .Sulxnittrrl throuxh 

H. L. Moviu*, llarvord Uniwmity. 

SSO Wtil Jifrica: Carbonizdl wood from n htc U|ii>ct 
Pkittoovtitt UqKwt at Muf<», Anfola, i'lirtucucM 
Weal Africa, amicuitcti with a Lu|wml)Un Uonc 
lilailr (late Sum* .Ajp*). Foutal on the Mutem Utnkuf 
the l^emlie Rix-er S.; 31*24' R.). Slratigraiihy 

waa itray-whitr xanri at Mirfaoe 3.SO nMrtvrs thick. At 
the litK of this the Lupemhian (late Stone Axe) 
backed bbde was found in mint condition, unwnm 
and oauciated with the carbonised nvMd locanred. 
Next below the sand was a gravel layer 6S cm. thick; 
next a ferritiKtl graml layer .S cm. thick; then a 
gravel layer identical with the second layer Imm the 
surface. IliU was 10 cm. thick and rested on the bed¬ 
rock uf mica schist. Submitted 1^ J. Janmart, Musen 
do Dtiniiu, Cum|>arthia de Uiamantes <k ADgoU, 
Dundo-Landn. .Angnla, through H. L. Movius, 
Harx'anl Univcrdly. 

SKI H'rsf Afriou Cartvaibcrt wonl luuial 15 cm. down in 
the gravel layer underlying No. SMD. Sultfoiilcd liy 

I. Janmart through II. L. Movius, Harvard Uai- 
wrsit)'. 

540 IlttwttiL- Cbarcosd from earliest Polynesian eulture in 
Hawaii. Found in Kiliouou Bluff Shelter, Kuliauaw, 
Oahu Island, liy Kenneth P. Emory, Bernice P. 
Bbhop Museum, Honohtlu 17, Hawaii. Submitted 
by K. P. Emory. 

600 Autlntla At Aboriginal kitchen midden charcoal from 

Australia, taken from Goose Lagoon, western Vie- 
t«ia, on iwr^wrty colled “Lcura" east of Goose La- 
gmm. 'lire iniddm was on the north side of the acdU 
nniie region and tuword its eant end, about IS fed 
aliovc the alhivhim flat. (*«iflrc1e<l hy Edmund U. 
Gill, National Museum of Viciona, Mcilwurne. ihib- 
railtcti by H. L. Movlos, Harvard University. 

601 Austr^Uy Br .Aboriginal kitchen miildeD charcoal from 

Australia, taken from Koroit Bairh nt Armstrong's 
Bay, northwest of Warmambool, Victoria. CoUccIrI 
by hUlmund D. Gill, National Museum of Metoeia, 
MHbnurnr. Submittnl by H. L. Movius, Harvard 
Unhertity. 


Age (Veors) 

4SlJkJIM 


u.m±4*ta 


14,503 1560 

IH6±lffi 

II77117S 

5351200 


9A 


RADIOCARBON DATINO 


Ou( 

Ho. !>an|4e 

MM iVoUrtm. CoMoJa: Wntvm AlherU, ('aiuul*, ulucial 
(otctt bed in twfthwciti 4)aancr, Svr X, T. 2 K. 39 at 
Watcrton («f. Watcrlon Lakes ( 0 |rtgra|ihie imii}- 
S(iali|cra|d)y: Top wil I footi gravel 12 (ecc;iacu>* 
Srine clay ) hmt: gravel 2 (cH; »aiMiy silt with in- 
vertcbntefMiblfccClwvM hi^ Sfcvltilark-lirowii 
Kfwatin drift 9 lect. This saratilc was wood, L. R. 
MUbon, Univcnuly of MasMchimtts. says It Is blade 
ani while hwhcc. '11m eciilog)' is simthf to that at 
rtlgi- of luiidm nrar. SuiNnilleil by IaIiuhI lloriicrg, 
Univrniily dI Chkagu. 

007 ll'rdtrlM PmI: Same as No. 606, cxoc|>t ikoi instead of 
fiwucr wiMid. 

A29 UtuuhH/ia (Sttit); Ancknt Manchurian lotus seeds, 
aiti Istilu. CullMlitl by Ichiro Ohga In the rulanticn 
Sasin ol Mwlhcm MaiMhuria in a (Mat layer |ifv 
SUOttbly of ridttneenc age; vplift and enmiun hml 
exposed the layer on the walls of the Ihilantirn River 
Valley. Ohga germinated several hundred seeds, 
eillwr filing the thick nutar shell or looking In con- 
centmtnl sulphuric aciit fur t-dhuurs.GunuaiVi’fum' 
As. similar to the Indian lotus AT. nufi/m. Sub- 
mlltud by R. W. Chancy, Univenity of California, 
Brrkrlcy. 


Age (Years) 
3361 ±350 


5327 ±n0 
1(M0±2I0 



CHAPTER VII 


THE SIGNIFICANCE OF THE DATES FOR 
ARCHEOLOGY AND (ECOLOGY 

Ky FREDERICK JOHNSON 

A RCHEOLOGISTS, geologists, and p^UynologisU arc con- 
Z-A tinually searching lor the means of improving methods of 
X A. counting time. The commonly available relative chrontdogics 
lack predtion and dlract correlation with the calendar, except when 
they may be checked with old written records or with a few more 
definite systems, for example, the calendar baKd on tree*ring counts. 
The latter kinds of methods, however, have definite rq^ional and 
temporal limitations. Despite such difTicultics, dates of varying re* 
liability can he assigned to all major events and a laq^ piuportion 
of minor ones included in the subject, matter of the several fields. 
The error in these dates varies from 1150 years or less, as those of 
the Near and Middle Eastern dviKxations where written records 
supplement archeological data, to geological estimates of Plcbtocenc 
events the errors of which are often ±30 per cent or more. The 
possibility that the radiocarbon method might tnoease our knowl¬ 
edge of chronology was heartening, but this was tempered by the 
realisation that the archcologically and geologically dated materials 
used in developing the method were not precise and that some were 
actually subject to question. The results were surprisingly consistent, 
and our early qualms were unjustified. In general, series nl dales 
having reliability which can be supported by archeological or other 
investigations have been, with puuling exceptions, substantiated by 
the radiocarbon method. The agiecmcnt between radiocarbon and 
other methods on dates which are not so well documented is quite 
erratic. However, on the whole the results are very utisfactory, and 
the "failures’* simply present problems requiring attention. 

Libby and his associates asked archeologists and geologists for ma¬ 
terials of a nature which no one dreamed would ever l>e useful. 
Furthermore, precautions preventing contaminatkMi of samples by 
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extraneous radiocarbon had rarely been taken. 'I'hc kind o( sample 
needed is relatively rare in nuny archeological collections, for for¬ 
merly the bulk of this sort of material, oner its presence had been 
recorded, was often discarded in the field. Furthermore, all too fre- 
(juently an otherwise acceptable sample might be an ancient tool, 
an example of some product of industry or a work of art. The exca¬ 
vator rctainerl and preserved with various preparations such arti¬ 
facts for a definite purpose. In large measure these mnditiorrs arc I 

responsible for the lack of adequate series of samples from important 
regions. Ifowever this may be, sufTident material has become avail¬ 
able through the interest and generosity of a large group of i>eo|)Ie 
and institutions, and it is satisfactory for preliminary discussion. Its 
importance in relation to the method itself has Iieen amply described 
by Dr. Libby. fTerc we will nflfcr a brief discussion of the results in 
relation to archeology, geology, and palynology. I 

In making initial plans, the Committee on Kadioactive Carbon 14 
decided that the colkctiun of such a wide range of samples could i 

best be controlled if they were collccteil in groups. The committee, 
rather arl)itrarily. selected particular but bro^ prohlemi which 
had been under investigation. The primary purpose wu to aid in 
the development of the method. However, it was hoped that signifi¬ 
cant chronological data, useful in many ways, would be pruducorl. 

An archeologist was requested to take charge of each problem, collect 
through his colleagues ajiprnprUle samples for Libby, and in the end { 

(wqiarc a report on the results. Geolr^iral prolilcms were assigned in 
a single group which was expanded to include palynological samples. ' 

The series of archeological reports have been publishctl under the 
auspices of the eorrimitlec in Radiocarbon Poiing, assembled by I'red- 
crick Johnson ("Society for American Archaeology Memoir,” No. 8 
[July, 1951)). The disciuwion of the geological and palynological data 
ajipears in Richard Foster Flint and Edward S. Deevey, Jr., ”ka- 
diocarbon Hating of Latc-iMeistocenc Events,” American Journal of 
Science, 249, 257 -300 (1951). 'file following remarks arc brief dis- ’ 

cussions of a few representative series of dates selected from the ^ 

aiMve publications. These scries have been chosen for the purpose of 
indicating the character of the results, (urticularly from the point 
of view of a particular field or problem. 

Judgment concerning the accuracy of a dale rlcjietKls upon a num- 
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ber of f&ctort. Contiderinf' tha r&diACArbon method alone, a date !a 
latisfactofy if it is in i^^ment with calculated values. On the other 
hand, the age of many samples submitted by archeologists and othcfs 
b known within certain limits, having been determined by other 
means. Dutregarding contamination, undetected laboratory errors, 
and other extraneous factors, It may be observed that, when a valid 
radiocarbon date disagrees radically with an archcolc^ical date, we 
arc faced, temporarily we hope, with a dilemma. There arc a number 
of these in the list, and the reasons for the dist'repanries cannot he 
explained. Because of the nature of the results, there is an under¬ 
standable tendency to give greater credence to values obtained by 
the method rather than to ages determined by methods available to 
archeolngUts, geologists, and palynoingists. It must he emphasised, 
however, that, in spite of the lack of precision in all cases, many ar¬ 
cheological and other dates are based upon evidence the validity of 
which is at present impossible to refute. A very brief summary re¬ 
view of some salient points will provide some background for such a 
statement. 

Tlie time scales used by geologists, palynologists, and archeologists 
are, with rare exceptions, based upon stratigraphic sequences. Dates 
given in numbers of years for levels in a stratification arc often mis¬ 
understood, and they can be misleading. With some exceptions such 
dates arc but convenient ways to indicate the estimated age, and a 
relatively large proliable error is implied if not stated. Actually a 
date from one level irklicates only Its relationship to those above and 
below. The location of samples in a series of levels in the ground or 
distributed over historically identifiable surfaces of the earth eslab- 
iisbes chroncdogical rdationships between the samples. Knowledge 
of the extent of this relationship varies with the character of sub- 
udiary information which may be derived from a study of the char¬ 
acteristics of the several levels. As has been said so often, materials 
from the lowest strata are older than materials from higher ones, pro¬ 
vided of course that the whole dqjosit has not been overturned 
or otherwise disturbed. It may be added that, where superimposi- 
tion ui not directly observable, It may often be accurately deduced, 
so placing in sequence nonoveriapping strata which may even l>c 
located in areas widely separated horiKonlaliy. Although general 
principles governing such deduction.^ are commonly known, there 
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are iostADCcs, often due to lack of fact, where chronoiojt^lcs baited 
upon serkifi of strata vary in decree of accuracy. 

An adequately documented relative chronology of a sequence of 
< geological or archecdogict) events can be relied upon at the very 
least to indicate the order of events. Frequently rcliaWc infereneo 
concerning relative time intervals between ewnls may aho be made. 
However, when it U necessary tn correiate events in one such se¬ 
quence with those in another, inferences of contemporaneity or suc¬ 
cession must be made with care. Such an not dependable unless 
su|)|)ortiii|{ evidence indicates strung probability. Tn the earth sci¬ 
ences, archeology, etc., such inferences are frequently made, and at 
times they are highly useful when properly considered. Regardless of 
those difHculties with relative chronologies, provable and, in large 
measure. Inferred sequences supply a background for the determina¬ 
tion of chronology even though the results arc not precise in terms of 
a limited numljcr of years in the Christian calendar. 

Pcr]iii|>s because archeology, a relatively young st'icnee, b only 
4q)|)rnaching a stage permitting the definition of basic principles 
governing the determination of the chronologj' of human exbtence, 
investigators may be said to be experimenting with methods. During 
the last 2(1 or JO years, in .America at least, various ways of counting 
time during the past 5000 years or so have Ijccn invented, discarded, 
or reorganised and improved. This inevitably confuses nonorcheolo- 
gists, especially in instances where discuMions of sequences of events 
refer to specific materials and their provenience and fall to mention 
clearly dilTcrcnces of o])iniofl concerning the derivation of chronologi¬ 
cal factors. 

There are two general kinds of |>robl«ni$. One involves csiwcially 
the older remains of man where archeological materials can bo a.s- 
signed relative dates of varying degrees of reliability through collabo¬ 
ration with geology, palyrvology, and other overlapping fiel{b.'rho 
Kcond is more frequently concerned with later cultural material 
found in situations having physical characterbtics which arc almost 
wholly due to the fact of human occupation. In such locations strali- 
lication is present, but it is frequently imixMsiblc to identify It. Con- 
svf|uently. archcologuts augment scarce definite stratigraphic data 
with inferences from internal evidence, such u the evolution of styles 
of pi>ttery, changes in the form of tools, the shai>c i»f houses, etc. 
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The regulting chronolf^iaU framework is of course very insecure and 
U recognised a& such by any repuUhle archeologist. 'Hh* use of such 
must strain the credulity o( investigators in allied fields, especially 
those in possession of more preebe data. Be all this as it may, cer¬ 
tain points in the relative time scale for recent human development 
in North America have become ratlier firmly cstablbhcd, not per¬ 
haps by logical proof, as in exact science, but rather by tlic sheer 
weight of confirmatory evidence. In other words, the probability of 
their accuracy b so strong that the possibility of error is slight indeed. 
Unfortunately, rto suitable statistical expression of this can Ik maik*. 
Other dates, "guess dates" they are called in archeological jargon, 
arc subject to controversies. These cannot be resolved at the present 
time, hut they may be reduced by a process of elimination so that 
either ranges of error of these dates or hypothetical and sometimes 
multiple locations upon a time scale may be suggested. It b in¬ 
evitable that further archeological research will bring to light evi¬ 
dence whidi will remove much of the uncertainty from thcac esti¬ 
mates. 

Above all, the radiocarbon method gives promise that it will Ik a. 
a tool tueful In shortening the process of est^Iishing the time when 
many events in human prehUtory took place. However, if present 
conclusions arc correct, the ordering of these events cannot be ac¬ 
complished by the radiocarbon method alone, at least until sudi 
time as a number of uncertainties can be clarified. The results must 
be checked and revised In the light of unawiailaMe stratigraphic fact. 
T^b need for careful cross-checking leads to a collaboration between 
the several fields which, as it b carried out, will inevitably result in 
further development of the radiocarbon method and vast improve¬ 
ment in the recording and interpretation of the provenience of the 
samples. 

The group of samples having "known" dates came from archeo¬ 
logical sites in the Near and Middle Eastern r^ons. 'I'hc accuracy of 
these archeological dates nuigcs from about ±50 to ±150 years, 
such errors being due largely to lacunae in the existing records, it b 
also true that the beginning of recorded hUtory of the several areas 
in the region varies over a range of some 900 years. However, com¬ 
parative archcolog>', using in large measure records and sctjucnces of 
events in Egypt and Mesopotamia, makes it ixnsible to establish a 
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r&tbcr reliAbte regions) chronology extending backward in time for 
some 5000 yean. 

Four of thcie dates have been plotted on Figure 1. The date 
“Zoser” (No. 1) i* the only one of these which in the range of Is 
unacceptabk* to archeologists, for it is much too late. While statisti¬ 
cal probability indicates general consistency of this date with the 
others in the series, the range of It is too large to permit useful com¬ 
parison adth archeological ly derived figures. Of the seven remaining 
dates from the same region, one (No. 115) is about 800 years too 
late. However, the sample is suspect bccauK of doubts concerning 
the status of the period it is assigned to. Also there is a possibility 
that Its provenience on the sloping side of a mound has been mis* 
interpreted. Because of these uncertainties, this sample prtdiably 
should not have been submitted at this time. The date of another 
sample (No. 185) is too late, but the archeological date could well be 
in error. A third date (No. 113) ia comparable only to an archeologi¬ 
cal date, the error of which is as yet undetermirwd. Excepting the 
'fjxitx sample, dates on other samples, referable to dyna.stic P.gyptian 
Mquencei and records, are in good agreement with archeological 
opinions. Com]Mriitg ardieological and radiocarbon dates without 
regard for statistical factors, especially the counting error, imposes 
rather strict limitations. F.ven so, the agreement between the two 
systems ia remarkable, especially for such a small series. 

The determination of the chronology of rise and fall of civlllxa* 
lions in the Near and Middle Eastern regions is complicated by many 
(actors not tl)e least of which is the sisa of the cities which Dourished 
over long periods of time. Changes in town planning and repair and 
rebuilding of houses and palaces increase (he difTiculty of determin¬ 
ing stratigraphy, in general, however, the good agreement of the 
dates implies conftrmation of a numlicr of present archeological 
opinions concerning chronology. Where <)ucsiIons do arise, it is 
notable that the archeological data are uncertain, llterc Is little 
doubt that, as a whole, the results of radiocarbon measurement arc 
quite satisfactory. 

ft was not until 1927, when a type of fluted arrowpoint called 
Folsom was found in association with an extinct animal, that it be¬ 
came generally admitted that the human occupation of North 
America was at all ancient. Since that time the .study of “Early 
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Man" hii f^reatly expuided the honiton. ft has been dbeuvered that 
the culture of which the Tolsom arrowpoints were a part Uwktdy 
distributed in the continent. In addition, evidence of old human oc¬ 
cupations other than Folsom has come to lifht. Many of the levels 
in which evidence of these occu|>ations is found can be associated 
with geological events and hence may be referred to a geochrottologi- 
cal time scale of the Pleistocene and Late Pleistocene. The difTiculty 
has been that, in spite of general agreement concerning sequences of 
strata, csiimates of age by several authorities for various features 
have not always agreed, sometimes by a.s much as 15,000 years. An¬ 
other problem involves the correlation of deposits In the north, where 
glacial phenomena arc present, with deposits south of the range of 
glacial ice which are identifiable through the effects of climatic and 
other factors. Similarly there is the problem of correlation of de¬ 
posits on either side of the RocJcy Mountains. 

The radiocarbon dates from these early American sites on reliable 
samples arc actually too few to justify condusioos. However, the 
consistency of them, as a whole, may well indicate what the future 
has in store, fn general, the oldest knuwn remains, especially Fol¬ 
som, ^>pear tn he about 10,000 years old (e.g., No. 558,9885 j; 550 
years). The age of another group of artifacts, Yuma arrowpoints, 
has been subject to some controversy. Dates determined from loca¬ 
tions in Wyoming (No. 302, 6876 ± 250), South Dakota (No. 454, 
7715 ± 740), and elsewhere may well constitute proof, otherwise 
ladcing clarity, that Yuma is younger than Folsom, fn any case, the 
suggested sequence is in good agreement with facts available even 
though these lack precision. 

The age of the Cochise culture which was distributer! over the 
Southwest (Nos. 511,515,518,519,556) is acceptable even though it 
requires revision of some not-too-well-documented contentions that 
Codiise is older than Folsom. In Nevada the age of layers in the 
I..eonard Rock Shelter, ranging from 6660 ± 300 )'ears (No. 281) to 
5737 ± 250 years (No. 554) (d. also No. 298), does no violence to 
present estimates, except that the accepted date for No. 554 (5737 d: 
350) may indicate that the Altithermol period in this region began 
closer to 4000 a.c. than to 5000 s.c., os formerly estimated. 'IIk erup¬ 
tion of Mount Moxomi in Oregon was an event of major tm{K>rlance, 
and the ash layer it produced has Ixcomc a chrvncJiyical landmark 
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used hy * numlKir of fieldii. Previous estimates, including revisions by 
several investigators in as many fields, of tbe time when this took 
place have ranged from 4U(I0 to 15,000 years. If the radiocarlran 
date, M$3 ± 250 (No. 247), is subslanlialed hy additional measure¬ 
ments, dirunologies for the region can he corrected and correlated. 

The age of a recent discovery, Tepexpin Man, in the valley of 
Mexico is presumed to be about 11,005 ± 500 years by the exca¬ 
vator. His conclusion is based on the detennination of the age of the 
peat deposit associated with the skelclon (No. 205). However, the 
available archeological and geological information, although suffi¬ 
cient to Justify attempts at dating, is not definitive in all detaib. To 
some extent this b borne out by comparing Nos. 2(W and 204. 'Ihc 
latter, a piece of wwkI from (he same deposit, is “older than 16,000 
years." Undoubtedly Tq>ex|>4n Man is an "Early Man," but, before 
his exact place in the scheme of things can be accepted with con¬ 
fidence, additional dates and more definite data must be secured. 

Lack of opportunity has prevented extensive search for older oc¬ 
cupations in South America. However, samples from raves in Chile 
in the nctghborliuod of the Straits of Magellan were measured. Here 
suggestion of possible humsn occupation some 9000 years ago may 
be made. Of even greater significance is the tenuous support of a 
hypothesis that similar geological and climatic developments were 
synchronous with those of Europe and North America. 

A detailed discussion of (he items listed above and the inclusion 
of a number of dates which have licen omitted here would pose 
questions concerning some of the radlocarlion results. A few dates 
are obviously in error, but in almost every csm there arc possibilities 
of contamination or unccrtaioUcs concerning identification. For ex¬ 
ample, the record of the material from Medicine Creek, N*el)ra.ska 
(Nos. 65, lOSu, 470), a equivocal. Of greater intcr«ist are questions 
concerning lapses of time. For cxamjde, the dates indicate the some¬ 
what startling possibility that a type of Yuma point may have been 
made and UKd over a period of some 3000 years. Similarly the Co¬ 
chise culture appears to have flourished without great change for 
some 4000 years. Thc.se are simple hunting and gathering cultures 
(if a type which docs not change ra|>idly. However, in shortening the 
whole time span of human occupation in North .\jncriai, as the ra¬ 
diocarbon method has done, and indicating that some cultures did 
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nnt hecnme modiricd nver »uch lengths of time, it becomes necc«Mry 
to Illume thit in liter Umm the rate of ailtunl dcv«lo]>mcnt 
speeded up more rapidly than U ftencrally believed. .Vothing pre* 
wnls such on assumption, of course, but many more chronological 
(lata documenting the earlier and later periods are necessary bett>re 
the process may be fully understood. 

Tbe consistency in the archeological and gecdoglcal dates is of 
considerabk interest and significance. In one way or another and 
with varying degrees of reliability, the chronology oi Early Man in 
North America is tied to the Mankato glaciation. The advance of the 
ice occurred about 11,000 years ago, a date which la derived from 
measurements on five samples taken from the Two Creeks forest bed 
in Wisconsin (Nos. 308, 36S, 3d6, 536, 537). Previously this maxi¬ 
mum advance had been assumed to date from about 25,000 years 
ago. The ocnipation we have been discussing took place subsequent 
to the advance, and the new dates indicate a ihorter span of time 
between the occupation by Eariy Man and the later peoples. This 
revising upward of these dates may indicate that geological develop¬ 
ments were speedier than formerly supposed. Also this increases the 
possibility that .*inme migration routes In North America were lo> 
cated very near the Ice front. This revision partially dotes a gap be* 
tween the older and younger cultures which has sorely puzzled ar* 
cheologists for some fifteen years. An additional idea finds its origin 
in the dates. The materials from Oregon, Nevada, California, New 
Mexico, Texas, and perhaps Mexico and South America appear to 
have existed during a broad period now some 10,000 years old. 
Even at that time, different culture patterns were present. If the 
Indians of North America had a single origin, we con postulate that 
it was earlier, that is, during the Interstodial period or before. If not, 
the implication that culture change woa slow leads to a number 
of somewhat tenuous working hypotheses such as: a single migra* 
tion route into the continent was crowded with pct^lc bearing a 
curious mixture of culture traits; early diversion of peoples from a 
single source, say, the Rering Strait region, into several subsidiary 
routes led to the rise of different cultures; the possibUity of several 
major routes of migration into the continent in what is believed to 
be very early times. 

It Is recognized that, barring undetected laboratory errors, satis- 
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factory measurement of on uiiconlaminated sample poses no problem 
os far as the method itself is concerned. Hie interpretation of the re¬ 
sults is a dilTercnt matter; it involves riuestions of judgment, esi>e- 
cially at the present stage. It has not yet been possible to devise a 
means of fully determining the validity of a sample, that is, whether 
or not the materials arc what they are believed to be and whether 
they may be used for daliiig or for any other j>urpo9C. When a few 
dates correlate salisfacturily with other estimates of age, the con¬ 
clusion that they are valid naturally Ls quickly formed, and con¬ 
sideration of possibilities of error is rwgiected. When one or two 
dates in an otherwise satisfactory series are out of line with present 
ideas, there is pause for thought. Of even greater concern are con¬ 
tradictory dates. There Is no way at the moment to prove whether 
the valid dates, the “invalid ones,” or the “present ideas’’ arc in 
error. Under other circumstances more rigorous statistical tests 
would help select the more accurate groups. ITowever. the two sys¬ 
tems of dating ore based on rather different principles, and so it 
Kcms that confidence in the final results can depend only upon a 
much more extensive correlation of additional series of measure* 
menu. Until the number of measurements can be incrcaKd to a 
point permitting some explanation of contradictions with other ap- 
(larcnlly trustworthy data, it U necessary to continue to form judg¬ 
ments concerning validity by a combination of all available informa- 
lion. 

Dr. Libby has been able to remove from some samples much radio¬ 
active carbon 14 which was not contem|K>raneous with the samples. 
It a certainly graliiitniis to suggest here that more investigation of 
the whole complicated problem of contamination will probal)Iy aid 
materially in the development of the method. There are other fac¬ 
tors in connection with the samples; for example, the manner of ool* 
lection is of prime importance. It is necessary to attend to slightly 
different details than has been customary in archeology and, |>re- 
sumably, in geological work. Observations on specimens in excava¬ 
tions have varied, and always will vary, with* the circumstances. 
However, samples intended for radiocarbon measurement must often 
be recorded more accurately than has been necessary heretofore. 
Unless this is done, the results of mea.surements arc cr»nfu«ng, some- 
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times in the extreme. One example of sudi confusiwi anrsc during 
the present research through initial lack of knnwlalge or unrlcnvtanH- 
Ing by archeologists of the many insidious sources of contamination 
and of the dTcct poorly recorded samples would have upon the re* 
suits. The committee hoped that some cross-checking of dates and 
other information would arid weight to important hypotheses con¬ 
cerning the age and dtstribution of the Adena and Hopewell cultures, 
«d)ich arc spread throughout the Mississippi Valley and east along 
parts of the Atlantic Coast. 

The ffopewell-Adena problem ha.<i not been satisfactorily solved 
by archeologists. However, there is general sgreement among 
workers that available evidence proves beyond reasonable doubt 
that Adcnt preceded HopcwcU. Bateson nine samples (Nos. 126,136, 
137,139, 143, 150, 151, 214) directly contradict this evidence. Fur¬ 
thermore, the dates suggest distributions of theee cultures over peri¬ 
ods of time and in a manner which, if true, requires an almost com¬ 
plete revision of archeological concepts of recent hunun develop¬ 
ments in eastern North America. It is entirely possible that a new 
and accurate method of measuring time can very welt do this. How¬ 
ever, it cannot be done to the extent of reversing a number of well- 
substantiated strati&cations. At the moment, the Hopewell and Ade¬ 
na dates ^pear to do this. As we look at these dates, however, it 
seems possible that one or two may be valid archeologically. That 
is, HopcwcU may well be older or Adena younger than inferences 
from relative archeolngical sequences suggest. However, it seems 
certain that both these posaibilities cannot be true. 

An inspection of the record reveals much of the cause of the pres¬ 
ent trouble. 'I'hree of the samples were collected in 1891; their his¬ 
tory since then is r»ot known, 'fhcrc is some question concerning the 
provenience of three other samples and their history since collection 
in the early 1930's. The remaining three samples appear to be de¬ 
pendable, but, unfortunately, even these contradict the Idea that 
Adena is older than HopeweU. On the basis of these three dates, one 
may postulate an x>vcrlap in the period of occupation of the sites 
from which these three samples came, but this requires that the 
places were coexistent during a period of about 1000 years. Available 
data do not support such an assumption. .At present there is no due 
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to the tource of these disajtrccmente. The dbcordint note caused by 
the measurement of these samples is indeed unfortunate, particu¬ 
larly at this sto^. Actually the unsuitable nature of most of these 
samples renders valid judgment of the results impossible. 

Tlic rise an<l fall of civilizations in Peru have long been of major 
interest to Americanists, adto have revised or amended ideas con¬ 
cerning chronology as rapidly as excavations produced appropriate 
data. A long sequence beginning with rather well-advanced hunting 
cultures, and ending in the mkl-sutecnth century with the dimax of 
the Spanish conquest, is best known from the northern coast of 
I'eru. The earlier, and sections of the later, parts of the Kqucncc 
were darihed considerably by recent excavations in the Virii Valley. 
i'Jxcavatkms in ruins of large cities and mounds of debris from human 
occupatiorrs have made it possible to describe periods when the pre¬ 
historic pCA}j)e emphasized different interests and abilities during 
their tong history. One way this has been expressed by archeologisis 
is by naming levels in a stratigraphic column beginning with Hunten 
and continuing upward with Early i*'armcn, Cultbts, Experiment¬ 
ers, Mostcr-Craltsmcn, Ex|MJi8io»ist$, City Builders, and Imperial- 
bts. (''rum characteristics of the strata, it ha.s been inferred that 
these periods lasted different lengths of time. The determination of 
the actual number of years for each one of theK periods b an impor¬ 
tant but djihcull and complicated problem, for points in a time scale 
have to be inferred from observations upon the size and extent of 
strata, the origin and dwclu|)ment of ideas by the prehistoric 
IKO|>lcs. thedistribution of cultural features, at icost throughout the 
.Andean region, etc. Just previous to the radiocarbon measurement 
of tome twenty samples from South America, a rather new estimated 
lime scale had been gcnenliy accepted, even though a number of 
points on thb were, and still arc, being actively debated. Some of the 
radiocarbon measureinents agree with these estinialeo rather well, 
but others, particularly the later ones, are believed hy some to he 
open to serious question. In spite of these doubts, and in view of the 
lack of {Kccision of the comparative data, the dates arc surprisingly 
ciMisistcnt. Regardless of archeological problems, of a series of eight 
dates, “five out of eight fall within one sigma and the other three 
within two sigma. Two of these are barely oulof the one sigma range. 
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None f&]Uout»i(leuf two sipna. Thii result b very close to the sta* 
tbtlcally expectable one.”* 

T'bcse rUtes have been the subject of extensive analyus by Junius 
Bird,* who has compared the dates within the range of le in an at¬ 
tempt to equate the most probable figures with the known stratig¬ 
raphy. This procedure indicates, il nothing cIm, that in some cases 
longer counting periods are essential, and probably additional 
samples from a single layer in a mound will have to be measured in 
order to reduce the error appreciably so that the results may be 
comparable in detail to meticulously recorded information from the 
stratification. Study of Bird’s remarks b recommended, fn the mean¬ 
time, and to iUusirate an example of oim kind of situation, we may 
look at two dates, the means of which are not in harmony with the 
positiuns of the samples. Number iI3 (4257 ± 250 years) lay lie- 
low No. .116 (4380 ± 270), being separated from it by 1.45 meters of 
ash and occupational deiuis. Tliis debris must have accumulated 
slowly, but there is no way of estimating the time involved cxcqrt 
to make what b believed to be a conservative guess that it was built 
up in something over a century*. This figure is partially supported 
but not at ull substantiated by comparisons of other dates. To ar¬ 
rive at posuble q>ans of time, in which the age of the samples may 
actually he located, oomi>arison with various other samples locates the 
age of No. .113 between years 4507 and 4210 and No. 316 between 
4407 and 4110. Number 598 ^jpears to support the date of No. 313, 
and so it seems most likely that the date for No. 316 may fall in the 
upper porticNi of its range, that is, perhaps between 4157 and 4110. 
Such a manner of figuring will arouse the ire of the statistically 
minded. However, if the dangers of sudi procedure are fully recog- 
nixed, it becomes possible to adapt the reuilts of radiocarbon meus- 
UFcment to an archeological preddem based upon adequate strati¬ 
graphic information. In thu case, for example, the series b sufficiently 
large, and it is doscly tied to a particularly detailed stratification. 
The manipulaticH) of the figures provides a better-founded estimate 
of two dates than was previously possible. 

1. /Utimi (“Sacictr (or Atwricu Arclwcnieo' Itlmviir." N<i. 

|>. 47. 

2. /M., nu 37 49. 
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Problems similar to ihoae encountered by archeologUu wore com¬ 
mon In geology and palynology. Aside from errors which cannot be 
explained u yet, the Axing of samples In stratifications is aometimes 
attended by doubts leading to questions contenting the validity of 
the dates relative to a geochronoiogical time Kok. Nevertheless, the 
results are consistent in themaelves, and, upon justifiable adjust¬ 
ment of previous estimates, they agree with opinions rather gener¬ 
ally held. 

As a rule, strictly geological dales have a much greater “probable 
error" than archeological ones. Because of this, only their internal 
consistency can be used in judging the accuracy of the resulta. On 
the other hand, the radiocarbon meesureroents seem to check and 
expand upon ppcscnl geochronoiogical time acaici. 'i'hrough the 
study of the |)ollen in numerous levels identified in part by geo¬ 
logical and archeological meant, a scries of postglacial periods or 
"zones" have been described. Although the dales sometimes assigned 
to some of these zones arc often tenuous inferences, evidence of the 
validity of the relative chrunology is accumulating. 'I'hit kind of ex¬ 
tremely painstaking research began in Europe, and the results in 
the Old World are more extensive than in the New. However, in re¬ 
cent years much progrest hu been made, especially in North Ameri¬ 
ca, so that definitive, if incomplete, dale exist for a number of regions. 

As mentioned above, the Mankato maximum in Wisconrin was 
probably attained about 11,000 years ago. “Four samples from the 
Allerod horizon in Germany, England and Ireland give an age aver¬ 
aging about lOflOO years ago. At this horizon (Zone 11 of European 
pollen stratigraphers) underlies solifluclioii deposits assigned to the 
I'enncMcandian glacial substage, the essential agreement of the 
dates implies that dcglaciation of northern Europe was contempora¬ 
neous with that of North America."* 

Concerning the palynological series, blint and Deevey make the 
following cogent ccunments in an abstract of their report: 

The neaninz oI • numlier of ilalot lor poet-Mankato-msximum events «u 
be swcMcd only in the l^l ol Ibo polkn cbrooolocy. As this chronology is u 
trUlivt oae, based on dimaiic ctuuign smI veaetaUonal responses during 
ik^laciatwn, its Vibration srill require wmplea from many more tocalitki- 
All at the riatea are of the light order of magnitude, with a few neeptiona where 
it sccmi likely that the stratigraphk poaitiofl of the nmpic. and not the railm- 

3. PHai and Dewey, ■•Radiecafijco T>atia| ol Ute-PJelsioeene Itvenia,” Am. Jttir. 
Set.. 24*.U7-.tOO(t9SI). 
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oiriMin Mjcr, Iwn Im-n inrurrcctly Kimi. Mowt of ihv avtBal>lc unfortti* 
iMtcly, iviimvnt bolatcd <k(vnniaatiii*» ihai cuuM Lw i-tlhcr "riiihl" ur 
‘'wroAf” witliout ni'Oumril)’ iUTcclinn oonfKivncv in Ihv ntrthuti ilnvlf. 'llir bk»i 
iin|>orUnl and intuiwliiig n»ult« arc Ihcw: 

'lltc Pcotglaciol rqimd iit fcmrtl*, anrl of M(.-«c4ithic cultnm arlnirtKl In 
fnmta, tcmlr |tlarc in KnutarMf about 9000 ytnn ago. The time of attainment of 
the Bore«l tyiK of climate, U’. the time of (he [Hne zone, differed aptuccialily 
accordnut to the tatilude of the locality. The pine nme ia about 9000 ycun ohl 
in Weal Viiginia, about KOOO yean old in Caiincrtirut, and alwut Mion yean 
old in Maine; it ns almut HMI) ynra olri in wuthem Mlnncanta and about 7000 
years oM In northern Mlnncaou. The nee of the therroa] maximum (“dimalk 
optimum") has not been |>rcciicly Axed, Iwl several aamfska from hotisum not 
far from it icfvc offct ramtinii from about 6000 to alrout 3000 yeara ago. In addn 
tien to poUen-dated r>cat ami gytlja from Connecticut ami tha Urilbdi Islia, 
kara|>lm writbin this time range date the crujition ol Mminl Manama in Orqtnn 
aral bracket (he KnylsiDn .Slrcrt tnhm'ir In Mnsaachusetta.* 

'lliii very brief diKUtsion dczli with idcaz baud os a conaidcra- 
tion of about half of the rncasurementa which have been made by 
Dr. Idbby and his associates. Mure complete comment and cxplana< 
tion are available in the two publications to whkdi reference has 
been made. The salient condusion which may lie reached is that the 
initial experiment, if that ii what it may be called, was successful 
from the archeological and geological point of view. There is great 
promise that a valuable too) fur the constructing of a chronology has 
been developed. Its value rests not only upon measurements of dates 
of events which have been imposalbte to secure within a given range 
of accuracy heretofore but also upon the institution of a chronologi* 
cal Kale world wide in scope. .\s inevitable rehnements are made, the 
course of events in all continents may be directly compared. Once 
this becomes possible, the value and usefulness of inierjirvtaliuns of 
the significance of the events will be immeasurably enhanced. 

Inconsistencies in the results were inevitable, and in spedfic in¬ 
stances they lead to untenable conclusions This is to be expected; 
in fact, it is remarkable that more ''erroneous dates" arc not listed 
in the results. Actually the dates in question pose problems not only 
for wM'kers in radiocarbon laboratories but particularly for collectors 
of the samples. i''or a considerable time, improvement of the machine 
.itself will to a conuderablc degree dqiend upon the refinement of 
methods of sample collectinn and recording and the revision of ar¬ 
cheological, geological, and palynolugical hypotheses Involving 
chronology. 


4. /SM.,p|i. ur-iw. 



SPECIAL EQUIPMENT AND CHEMICALS FOR THE 
C” SAMPLE PREPARATION APPARATUS 


Ilcm 

Vytuf ctmlwMinai IuIkx; 2S mm. I.U., 
mm. O.D., 7S0 mm. 

Iroa tube; 90 inches, li O.OJS wnll 
Coppcf oxide; wire form 
Hj^rocfalotic acid, CP 
Afnmmis CP 

Ctkkim dderiili:, (lihyrintr, AR 
Macnoiium tumincs. CP 

Cn<imium metal 

Furnace tubes, alumdum; 4 on. l.U., 9-inch 
lengths or longer 
Nidiramo wife, Kos. 20 and 2S 
Pyrex frittcH duths; metiium; No. 99570*10 
Drkfite; laed No. 4 


Soarec 

Ceniing Glaa Works 

Coninl Sted and Wire Co«|)aR>' 
Merck and Company 
Baker and Adamiwn Caai|)an)' 
Baker and Adamson Comiwny 
Mallinckrodt Cbctalal Company 
Merck anti Conn|iany 
Set Ur. Berj^an (Imliluts fur 
the Study ^ Metab) 

Norton Company 

Driver-Harrk Cumpany 
Sargent Comiiany 
Sargent Cemt>oay 
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SPECIAL MATERLALS FOR SCREEN- 
WALL COUNTER 


luw 

Sou ire 

Tjrpe 

UnleaiWtS bran tubifiK 

American Bias, 1337 


(ritraci from milU 
(St.TQps 1001b.) 

Weat Wuhbwton 
.Street, Chicago, 1111' 
neb (Mr. Hakei) 


Suinkai Sled 

Cep|Nt (Commercial 

C<W«) 

l^tycthykM 

SikI 5ale* 

C*hai. Boky, Cliicagn 

lM;Typc3M, 302 

Html .Seal Contwoer 
Company, 323 West 

SX4XS0n gimetK); 
9 inchXSW (tut) 


Kandolph Str^ Chi- 
oucD 6, IlUaoia, RAb> 



gelph 6-n073 (Mr. 
Crouder) 



^ ca|<t>cr-d*d iron* Sylr*iu* Ekclrtc Com|wny 
core witr, N<m> 2S (0J>12) 
and 30 
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74 

573 , 

75 

574 - 

.70 

575 . 

. 78 

576 

. 79 

577 . 

83 

578 . . 

82 

579 . 

. .82 

sw . 

.80 

581 

.80 

584 

. $1 

585 

76 

587 . 

... 75 

588 . 

- . . - ... 75 

595 . 

79 

598 . 

. 94 

599 

. 94 

600 . 

72 

601 . 

72 

602 . 

. . 72 

603 . 

.17 

604 . 

. 87 

M6 . 

. 80 

609 

. . .*.... as 

616 

. 96 

612 . 

•9 

615 . . 

.80 

619 . 

.80 

628 . . 
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B. Smhhi Locatiok: 

MM 


Aluka . 


. l»-90 



. . t4-«S 

AiMlnb 


. . M 



M U.94 

CkMk . . 


«S M 

CMk 


. . M 

Dnmufc 


7>-74 



70-71 
74-7S 

h’nuK* ■ . 


7 

OenMijr . . 



Ttovail 


. ^5 

IIKm^ . 


771 M 

IbdUM 


. to 

l«n. 



Iran . . 


. 71 

Imq 


... 71 



.... 74 

JlflM . . 


. . «4AS 

KMiuckr ' 


n-T* 

Lwtirinta 


. 11 

Kanckaria . 


. . M 

Mtaio . . 


90 92 


I. SAitfU LOCAWOW Ctatimmi: 

Mftt 


Miawania . . . 

•7 


. *1 


. It 

Nabnaka . 

. Il-U 

Navada . . 

. U-M 

Ntw Ki^iaMl . 

. , 76 77 

N<nr Medov . . 

62-45.94 


. ... 77 

Nactk Carolina 

. SMI 

UtlM ... - 

7AS0 

Orason . . 

M 67 

PalcMinc ... 


PcnnaylvMia. 

M 

Pam. 


Sooth Catalina . . 

.... It 

Sovlh Dakota 

.... «»-99 

Sviia . . 

Toaaa*. . 

. 71 

n-u 

Turkay. 

71 

Utah . 

. . 9ft ft7 

Wf« AfHpa - 

.95 

Want VIfNinIa 

. W 

WiacoMin . 

. a 

Wyanong . . 

n 
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